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PREFACE;
L a r v a l  l a m p re y s ,  o r  ammocoetes, have lo n g  been  
p o p u l a r  s u b j e c t s  f o r  b i o l o g i c a l  r e s e a r c h  b o th  i n  Europe 
and j \m er ica .  S e v e r a l  f a c t o r s  have c o n t r i b u t e d  to t h i s  
i n t e r e s t .  F i r s t l y ,  ammocoetes can  be o b t a i n e d  i n  l a r g e  
numbers c o m p a ra t iv e  ea se  i n  numerous r i v e r s  and
s t r e a m s .  S eco n d ly ,  s i n c e  S c h n e i d e r  (1879) p ro v ed  con-  
: c l u s i v e l y  t h a t  ammocoetes undergo  a  complex m e tam o rp h o s is  
to  become a d u l t  l a m p re y s ,  t h e y  have been  r e g a r d e d  a s  
a f f o r d i n g  some i n s i g h t  i n t o  th e  p rob lem s a s s o c i a t e d  w i t h  
t h e  b io lo g y  and e v o l u t i o n  o f  t h e  e a r l y  v e r t e b r a t e s .
I n  N o r th  Am erica  r e s e a r c h  on lam p rey s  and 
^ammocoetes h a s  been  o f  a somewhat d i f f e r e n t  c h a r a c t e r  
t h a n  t h a t  done i n  Europe ,  and s i n c e  1940 t h i s  r e s e a r c h  
can  be a lm os t  e n t i r e l y  a t t r i b u t e d  to  t h e  r e c e n t l y  r e c o g -  
: n i z e d  im p o r ta n c e  o f  p re d a c e o u s  lam p rey s  t o  i n l a n d  
f i s h i n g  i n d u s t r i e s .
Both o f  t h e s e  t y p e s  o f  r e s e a r c h  have o m i t t e d  
to  a  l a r g e  e x t e n t  t h e  n a t u r a l  h i s t o r y  o f  lam p rey s  and 
ammocoetes a s  su ch .
F o r  i n s t a n c e ,  i n  B r i t a i n  ammocoetes have a l l  
to o  o f t e n  been  r e g a r d e d  as  l i t t l e  more t h a n  b i o l o g i c a l
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c u r i o s i t i e s  to  be p l a y e d  a b o u t  w i t h  i n  t h e  l a b o r a t o r y .
The p a p e r s  which have  been  w r i t t e n  ab ou t  i t s  r e a c t i o n s  
t o  a r t i f i c i a l  s t i m u l i  u n d e r  h i g h l y  u n n a t u r a l  c o n d i t i o n s  
( G r ib b l e  1934, F r a n c i s  and H o r to n  1936, S t e v e n s  1950,
£ind H a rd e n - J o n e s  1955) a r e  l e g i o n .  S e v e r a l  em in en t  
B r i t i s h  b i o l o g i s t s  have  c o n c e rn e d  th e m s e lv e s  w i t h  
ammocoete and lam p rey  p h y s io lo g y  (Young 1935a and b, 
B a r r i n g t o n  1942, R o b e r t s  1950, B a x t e r  1956, W h i t in g  1957, 
M o r r i s  1958) t h e r e b y  c o n t r i b u t i n g  d a t a  o f  g r e a t  v a l u e  i n  
u n d e r  s tranding  t h e  n a t u r a l  h i s t o r y  o f  t h e s e  a n i m a l s .
H a r d i s t y  (1 9 4 4 /5 1 )  h a s  made a s tu d y  o f  ammocoete g ro w th  
u n d e r  f i e l d  c o n d i t i o n s ,  b u t  h a s  d e a l t  w i t h  o n ly  one 
s p e c i e s .
On t h e  c o n t i n e n t  t h e  n a t u r a l  h i s t o r y  o f  b o th  
R iv e r  Lampreys ( L am p e tra  f l u v i a t i l i s , L i n n . ) and Brook 
Lampreys ( L am p etra  p l a n e r i , B loch)  h as  been e x t e n s i v e l y  
s t u d i e d  ( L i l l j e b o r g  1891, S m i t t  1895, W e is s e n b e rg  1925, 
L a u t e r b o r n  1926, and o t h e r s  which  w i l l  be d e a l t  w i t h  
l a t e r  i n  t h e  t e x t ) ,  b u t  t h e s e  i n v e s t i g a t i o n s  have  been 
c o n c e rn e d  o n ly  w i t h  a d u l t  l a m p re y s .
Because  o f  t h e  p r e s s i n g  n ee d  f o r  a  p r a c t i c a l  
s o l u t i o n  to  t h e  p rob lem  o f  lam p rey  c o n t r o l ,  p a r t i c u l a r l y  
o f  l a n d - l o c k e d  Sea  Lampreys i n  th e  G re a t  L akes ,  N o r th
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American r e s e a r c h  on lam p rey  b i o l o g y  h a s  d e a l t  p r i n c i p a l l y  
w i th  such  p r a c t i c a l  c o n s i d e r a t i o n s  as  t h e  t o l e r a n c e  o f  
t h i s  a n im a l ,  i n  i t s  v a r i o u s  s t a g e s ,  t o  c e r t a i n  t o x i n s  
(Lamsa 1956, Kennedy 1955) ,  e l e c t r i c  la m p re y  b a r r i e r s  
( S c o t t  1956, J o h n s o n  1956, McCauley 1956) and t h e  s p r e a d  
o f  p re d a c e o u s  Sea  Lampreys (Gage 1928, Hubbs and Pope 1937, 
G r e a s e r  1947, A p p le g a te  1947, E a s t  1949, S h e l t e r  1949,
H i l e  1951).
T h e r e f o r e  t h e  l i t t l e  i n f o r m a t i o n  ab o u t  ammocoete 
b i o l o g y  t h a t  h a s  come from  Canada and t h e  U n i t e d  S t a t e s  
i n  r e c e n t  y e a r s  h a s  d e a l t  m a in ly  w i t h  v a r i o u s  s p e c i e s  o f  
Brook Lampreys, w h ich  a r e  e c o n o m ic a l ly  u n i m p o r t a n t  (Lean ,  
Eastman and Sumner 1897, Gage 1898, Young and Cole 1900, 
and o t h e r s  which a r e  d e a l t  w i t h  l a t e r  i n  t h e  tex t) .
As a s t e p  to w a rd  p r o v i d i n g  some o f  t h e  b a d ly  
n eeded  i n f o r m a t i o n  on ammocoete n a t u r a l  h i s t o r y ,  t h e  
a u t h o r  u n d e r to o k  r e s e a r c h  on r a t e s  o f  grow th  i n  ammocoetes 
o f  a l l  t h r e e  s p e c i e s  o f  l a m p re y  found  i n  B r i t a i n  (S ea  
Lamprey Pe trom yzon m a r i n u s , R i v e r  Lamprey
Lam petra  f l u v i a t i l i s , and Brook Lamprey L am petra  p l a n e r i ) .
B e fo re  t h i s  c o u l d  be a c co m p li sh ed ,  i t  was found  
n e c e s s a r y  to  d e v e lo p  an a c c u r a t e  method by which l a r v a e
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o f  t h e  t h r e e  s p e c i e s  c o u ld  be s e l e c t i v e l y  i d e n t i f i e d .
T h is  p roved  to  be a complex p rob lem  i n  i t s e l f ,  and i t s  
s o l u t i o n  v/as g r e a t l y  f a c i l i t a t e d  by th e  work o f  V ladykov  
( 1 9 4 9 ) on C anad ian  ammocoetes.
I n  t h e  f i e l d  o f  amiaocoete g row th  s t u d i e s  i t s e l f ,  
some work had a l r e a d y  been  done, b u t  o n ly  on t h e  l a r v a e  
o f  Brook Lampreys.  F our  i n v e s t i g a t o r s  a r e  i m p o r t a n t  i n  
t h i s  r e g a r d :  L. P. S c h u l t z  (1 9 3 0 ) ,  I v a n o v a -B e rg  (1 9 3 1 ) ,
F. G. W. Knowles (1941)  and M. W. H a r d i s t y  ( 1 9 4 4 ) .
A l though  each  o f  t h e s e  b i o l o g i s t s  worked 
s e p a r a t e l y  on t h e  same s p e c i e s  ( Brook Lam prey),  and a l -  
: though  a l l  u s e d  e s s e n t i a l l y  t h e  same t e c h n i q u e s  i n  o r d e r  
t o  a s c e r t a i n  t h e  same t h i n g ,  namely th e  l e n g t h  o f  l a r v a l  
l i f e ,  t h e i r  c o n c l u s i o n s  d id  n o t  a g r e e .
Knov;les e s t i m a t e d  a l a r v a l  l i f e  o f  t h r e e  y e a r s ,  
S c h u l t z  p l a c e d  t h e  f i g u r e  a t  between  t h r e e  and f o u r  
y e a r s ;  w h i l e  Iv a n o v a -B e rg  came to  t h e  c o n c l u s i o n  t h a t  
Brook Lampreys have a  l a r v a l  l i f e  o f  f i v e  y e a r s .
H ard i  s t y  ’ s second  e s t i m a t e  (1951)  a g re e d  v / i th  t h a t  o f  
Iv a n o v a -B e rg ,  b u t  h i s  f i r s t  e s t i m a t e  (1944)  f e l l  s h o r t  
o f  t h i s .
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S e v e r a l  f a c t o r s  c o u ld  have c o n t r i b u t e d  t o  t h e s e  
d i s c r e p a n c i e s .  H a r d i s t y  h i m s e l f  p o i n t e d  o u t  (1951)  t h a t  
t h e r e  i s  p ro b a b ly  some v a r i a t i o n  i n  l e n g t h  o f  l a r v a l  l i f e  
a c c o r d i n g  to  s t r e a ia  c o n d i t i o n s ,  e t c .  However, i n  v iew  o f  
t h e  f a c t  t h a t  d i f f e r e n t  s p e c i e s  o f  lam p rey s  can  and do 
spawn i n  th e  same s t r e a m s  and t h a t ,  u n t i l  t h e  p r e s e n t  
a u t h o r  p u b l i s h e d  a  key  to  B r i t i s h  ammocoetes, MacDonald 
(1 9 5 9 ) ,  no way was known by which ammocoetes o f  Brook 
lam p rey s  c o u ld  be d i s t i n g u i s h e d  from t h o s e  o f  R i v e r  o r  
Sea Lampreys, i t  i s  f a r  more l i k e l y  t h a t  t h e  v e r y  g r e a t  
d i s c r e p a n c i e s  d i s c u s s e d  i n  t h e  p r e c e d i n g  p a r a g r a p h ,  came 
abo u t  as  a r e s u l t  o f  t a k i n g  more t h a n  one s p e c i e s  o f  
ammocoete i n  some o f  t h e  s am p le s .  I n  t h i s  way any a t -  
: tem pt a t  s i z e  c l a s s  a n a l y s i s  would be con founded .
Then, t o o ,  e a c h  o f  t h e  f o u r  men t o o k  t h e i r  
s p e c im e n s  i n  d i f f e r e n t  c o u n t r i e s .  I n  e a c h  o f  t h e  a r e a s  
c o n c e r n e d  t h e  Brook Lamprey p a r a d e s  und er  a d i f f e r e n t  
L a t i n  name, and t h e r e  may be a s i g n i f i c a n t  d i f f e r e n c e  i n  
t h e i r  l e n g t h s  o f  l a r v a l  l i f e .  However, a f t e r  e x a m in in g  
hundreds  o f  s p e c im e n s  o f  v a r i o u s  " s p e c i e s ” o f  Brook  
Lampreys and t h e i r  am m ocoetes ,  t h e  a u th o r  i s  q u i t e  c o n -  
: v i n c e d  t h a t  t h e y  a l l  b e l o n g  t o  t h e  same s p e c i e s .
-  8  -
T h e r e f o r e ,  t h e  a u t h o r  f e l t  t h a t  w h i l e  b r e a k i n g  
e n t i r e l y  new ground  i n  making an a n a l y s i s  o f  r a t e s  o f  
g row th  i n  Sea and R iv e r  Lamprey ammocoetes', i t  was t h e  
b e t t e r  p a r t  o f  wisdom to  r e - a n a l y z e  L. p l a n e r i  i n  t h i s  
r e g a r d .  L a b o r a t o r y  e x p e r im e n ts  were t h e n  c a r r i e d  o u t  
d e s ig n e d  to  a s s e s s  th e  v a lu e  o f  t h e  f i e l d  work .  In  con- 
: j u n c t i o n  w i t h  t h e s e  e x p e r im e n t s ,  o b s e r v a t i o n s  were made 
on c e r t a i n  a s p e c t s  o f  ammocoete b i o l o g y  w hich  m igh t  be 
c o n c e rn e d  i n  g row th  o f  th e  Minimal.
F o r  t h e s e  r e a s o n s  t h e  t h e s i s  f a l l s  i n t o  t h r e e  
m ain  d i v i s i o n s :
( a )  I d e n t i f i c a t i o n  o f  ammocoetes o f  B r i t i s h  la m p re y s .
(b )  A s tu d y  o f  spav/ning r e q u i r e m e n t s  o f  a d u l t  lam p rey s  
p r e r e q u i s i t e  to  an u n d e r s t a n d i n g  o f  t h e  em bryology 
and e a r l y  l i f e  o f  t h e  rimmocoe k e s .
( c )  A s e c t i o n  d e a l i n g  w i t h  r a t e s  o f  l i n e a r  g row th  ?and 
g a i n  i n  w e ig h t  o f  ammocoetes u n d e r  c o n t r o l  and ex-
: p e r i m e n t a l  c o n d i t i o n s ,  and an e x a m in a t io n  o f  v a r i o u s  
a s p e c t s  o f  ammocoete b i o l o g y  which m ig h t  be e x p e c te d  
to  p l a y  a p a r t  i n  d e t e r m i n i n g  r a t e s  o f  g ro w th .  Of 
m a jo r  im p o r ta n c e  i n  t h i s  r e s p e c t  a r e  t h e  e x p e r im e n ts  
th ro u g h  Nhlch t h e  a u t h o r  a s c e r t a i n e d  the  l e n g t h s  o f  
l a r v a l  l i f e  r e q u i r e d  by th e  t h r e e  s p e c i e s  c o n c e rn e d .
-  9 -
METHODS ;
S e v e r a l  methods have i n  t h e  p a s t  been  u s e d  i n  
t h e  c o l l e c t i o n  o f  ammocoetes, i n c l u d i n g  employaient o f  
s h o v e l s ,  hand  d redge  n e t s ,  e t c . ,  b u t  by f a r  t h e  most  s u c -  
: c e s s f u l  method i s  th ro u g h  t h e  u s e  o f  a  p o r t a b l e  e l e c t r i c  
s h o c k e r .
F o r  many y e a r s  e l e c t r i c  s h o c k e r s ,  o r  s t i m u l a t o r s ,  
have  been  i n  u s e  i n  Canada and t h e  U n i t e d  S t a t e s  f o r  
f i s h e r i e s  p u r p o s e s .  To d a t e  t h e  most p o p u l a r  ammocoete 
e l e c t r i c  s h o c k e r ,  p r e s e n t l y  employed by th e  F i s h e r i e s  
R e s e a rc h  Board  o f  Canada, i s  o p e r a t e d  by a g a s o l e n e  
powered m o t o r / g e n e r a t o r  u n i t ,  which  s u p p l i e s  an AC o f  
-high amperage and v o l t a g e .  T h is  i n s t r u m e n t  i s  p o r t a b l e  
f o r  s h o r t  d i s t a n c e s  ( T i b b i e s  1956) .
I n  th e  p r e s e n t  i n s t a n c e .  Dr. W. G. H a r t l e y ,  o f  
t h e  M i n i s t r y  o f  F i s h e r i e s ,  Food and A g r i c u l t u r e  was so 
g e n e ro u s  a s  to  l e n d  a b a t t e r y  o p e r a t e d  p o r t a b l e  e l e c t r i c  
s h o c k e r  t o  t h e  a u t h o r .  Powered by two s i x  v o l t  b a t t e r i e s ,  
t h i s  i n s t r u m e n t  s u p p l i e s  an i n t e r r u p t e d  DC c u r r e n t  p u l s e d  
a t  t h e  r a t e  o f  41 c y c l e s / s e c o n d .  I t s  o u t s t a n d i n g  advan-  
: t a g e  o v e r  any o t h e r  s h o c k e r s  p r e v i o u s l y  t r i e d  by th e  
a u t h o r  l i e s  i n  i t s  l i g h t n e s s .  The whole a p p a r a t u s .
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t o g e t h e r  w i t h  t h e  two e l e c t r o d e s ,  does  n o t  ex c e e d  tw en ty  
pounds i n  w e ig h t ,  and can  t h e r e f o r e  he c a r r i e d  l o n g  d i s -  
: t a n c e s .
Many a u t h o r i t i e s ,  i n c l u d i n g  D. P. S c o t t  (1956)  
have d e c l a r e d  t h a t  f i s h  and ammocoetes would be a t t r a c t e d  
t o  t h e  p o s i t i v e  p o le  o f  such  a m ach in e .  E x t e n s i v e  u se  o f  
the s h o c k e r  u n d e r  a  wide v a r i e t y  o f  c o n d i t i o n s  has  con-  
; v i n c e d  t h e  a u t h o r  t h a t  such  i s  n o t  t h e  c a s e .  Both p o l e s  
s t i m u l a t e  ammocoetes, som etim es s i m u l t a n e o u s l y ,  and 
n e i t h e r  can  be s a i d  to  e x e r t  any a t t r a c t i v e  f o r c e  on them.
In  c o l l e c t i n g  ammocoetes w i t h  th e  s h o c k e r ,  i t  
was found d i s a d v a n ta g e o u s  to  a l lo w  t h e  c u r r e n t  to  ru n  
f o r  more th t in  50 seco n d s  a t  a  t im e ,  v / i th  a r e s t  o f  abou t  
a  m in u te  b e tw een  each  b l a s t .  I f  t h e  ammocoetes a r e  " o v e r ­
e l e c t r o c u t e d "  t h e  b lo o d  v e s s e l s  i n  t h e  b ranchi?a l  r e g i o n  
r u p t u r e .  T h is  n o t  o n ly  makes th e  ammocoete u s e l e s s  as  a 
l i v i n g  spec im en ,  b u t  so d i s c o l o u r s  t h e  whole g i l l  r e g i o n  
as  to  r e n d e r  i t  e x t r e m e ly  d i f f i c u l t  to  i d e n t i f y  i t s  
s p e c i e s .
The a u th o r  fo u n d  t h a t  dead m a t e r i a l  was b e s t  
p r e s e r v e d  i n  a 4^ s o l u t i o n  o f  f o r m a l i n  f o r  a day o r  so  
and t h e n  t r a n s f e r r e d  t o  10% p r e s e r v i n g  a l c o h o l .  I f
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ammocoetes so p r e s e r v e d  a r e  l e f t  i n  t h e  sun f o r  l o n g  
p e r i o d s  o f  t im e ,  t h e  p i g m e n t a t i o n  becomes v e r y  o b s c u re ,  
a g a in  r e n d e r i n g  s p e c i e s  i d e n t i f i c a t i o n  d i f f i c u l t .
M a in tenan ce  o f  l i v i n g  ammocoetes i n  t h e  l a b o r a -  
: t o r y  r a i s e d  no s e r i o u s  p ro b lem s ,  and as l o n g  as  a sub-  
: s t r a t e  o f  some s o r t  was p r o v id e d  f o r  t h e  l a r v a e  to  
burrow i n ,  a lo n g  w i t h  an i n c h  o r  so o f  w a t e r ,  spec im ens  
can  be k e p t  i n  good h e a l t h  f o r  m onths .  P r o v i s i o n  o f  
ru n n in g  a n d / o r  a e r a t e d  w a t e r  a s s u r e s  t h e  w e l f a r e  o f  
ammocoetes f o r  s e v e r a l  y e a r s .  T h is  has  a l s o  been  found  
to  be t h e  ca se  by o t h e r  i n v e s t i g a t o r s ,  e . g .  V i e r a  (1 8 9 5 ) ,  
G re a s e r  and Hann (1 9 2 9 ) ,  Newth (1 9 5 0 ) .
Ammocoetes a r e  f i l t e r - f e e d e r s ,  so t h a t ,  e x c e p t  
f o r  making c e r t a i n  to  i n c l u d e  some d e t r i t u s  i n  w i t h  t h e  
s u b s t r a t e ,  i t  was found  t h a t  no s p e c i a l  c a r e  abou t  
n o u r i s h m e n t  o f  t h e  spec im ens  n ee d ed  to  be t a k e n .  The 
b e s t  s u b s t r a t e s  have been  shown to  be s i l t ,  mud o r  mud 
and sand  combined (MacDonald 1956) .
The c a r e  o f  a d u l t  lam p rey s  i n  c a p t i v i t y  p rov ed  
to  be a much more d i f f i c u l t  p r o p o s i t i o n .  B a x te r  (1949)  
examined t h i s  p rob lem  and came to  t h e  c o n c l u s i o n  t h a t  
c o ld  w a t e r ,  amply a e r a t e d ,  was t h e  main r e q u i s i t e .  I n
— A . C .  —
t h e  p r e s e n t  a u t h o r ’ s e x p e r i e n c e ,  l a r g e  m o r t a l i t i e s  were 
i n c u r r e d  i f  t h e s e  r u l e s  were n o t  f o l lo w e d .  On th e  w hole ,  
Brook Lampreys do n o t  succimb 'un.der  l a b o r a t o r y  
c o n d i t i o n s  so q u i c k l y  as  do R iv e r  Lampreys.
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SPECIES OF BRITISH LAMPREYS:
Lampreys b e lo n g  to  t h e  s u b - c l a s s  C y c lo s to m a ta  
and a r e  c h a r a c t e r i z e d  by t h e  p o s s e s s i o n  o f  seven  g i l l -  
s l i t s  on each  s i d e ,  tv/o l a t e r a l  eyes  p l u s  a  p i n e a l  eye 
on t h e  d o r s a l  s u r f a c e  o f  t h e  h e a d .  At t h e  a n t e r i o r  end 
o f  t h e  body i s  s i t u a t e d  t h e  s u c k in g  o r a l  d i s c  and a 
r a s p i n g  t o n g u e - l i k e  o rg a n  armed v / i th  " t e e t h " .  The 1am- 
: p re y  body i s  l o n g  and f u s i l i f o r m ,  a p p r o x im a te ly  e e l - l i k e  
i n  sh ape .
Three s p e c i e s  o f  la m p re y s  have  lo n g  been  r e c o g -  
: n i zed  i n  B r i t a i n .  These a r e :
( a )  Sea Lamprey ( Pe trom yzon m a r i n u s ) .  T h is  i s  t h e  l a r -  
: g e s t  s p e c i e s  and spends  i t s  adiiLt l i f e  as  a  b lo o d ­
s u c k in g  p r e d a t o r  o f  f i s h  e i t h e r  i n  t h e  s e a  o r  i n  
l a r g e  l a k e s .  I n  t h e  fo rm e r  c a s e  i t  i s  o f  c o u r s e  
v e r y  d i f f i c u l t  t o  make an a c c u r a t e  e s t i m a t e  o f  t h e  
amount o f  damage i t  d o e s .  Under n o rm al  c o n d i t i o n s  
Sea Lamprey a t t a i n  a l e n g t h  o f  t h r e e  to  f o u r  f e e t .  
L an d lo cked  Sea  Lamprey t e n d  to  be somev/hat s m a l l e r .
(b )  R i v e r  Lamprey o r  "Lampem" ( L am p e tra  f l u v i a t i l i s ) ;  
T h is  s p e c i e s  i s  a l s o  a p r e d a t o r  o f  f i s h  i n  t h e  same 
way t h a t  t h e  Sea  Lamprey i s .  They o c c u r  v e r y
-  14  -
commonly i n  i n l a n d  l a k e s ,  b u t  u s u a l l y  t h e  a d u l t  l i f e  
i s  p a s s e d  i n  s a l t  w a t e r .  An a d u l t  l e n g t h  o f  12 to  
15 i n c h e s  i s  a v e r a g e .
( c )  Brook Lamprey ( L am p e tra  p l a n e r i );  The Brook Lamprey 
i s  t h e  s m a l l e s t  o f  t h e  t h r e e  s p e c i e s ,  r a r e l y  ex c eed -  
: i n g  an a d u l t  l e n g t h  o f  15 c e n t i m e t r e s .  I t  i s  non-  
p re d a c e o u s  and spends  i t s  a d u l t  l i f e  i n  t h e  com para-  
: t i v e  o b s c u r i t y  o f  s m a l l  b u m s .
With t h e  g r e a t  d i f f e r e n c e s  i n  s i z e  a lo n e  as  a  
g u id e ,  i t  i s  c o m p a r a t i v e l y  e a s y  to  i d e n t i f y  t h e  a d u l t s  o f  
t h e  t h r e e  B r i t i s h  s p e c i e s  o f  l a m p re y s .  However, t h e  
ammocoete o r  l a r v a l  s t a g e s  have l o n g  p ro v ed  b a f f l i n g  i n  
t h i s  r e g a r d .
AMiOGOETES;
The ammocoetes o f  a l l  s p e c i e s  a r e  s i m i l a r  i n  
g r o s s  a p p e a ra n c e  and h a b i t s ,  and i n  b o th  t h e s e  r e s p e c t s  
a r e  s h a r p l y  d i f f e r e n t i a t e d  from a d u l t  l a m p re y s .  They 
a r e  m ic rophagous  f e e d e r s ,  s p e n d in g  most o f  t h e i r  t im e  
burrow ed i n  t h e  muds o f  r i v e r  b o t to m s .  L ike  a d u l t s ,  
t h e y  p o s s e s s  seven  g i l l - s l i t s  on each  s i d e  and a p i n e a l  
eye on th e  to p  o f  t h e  h e a d .  The l a t e r a l  eyes  a r e  n o t  
v i s i b l e  i n  ammocoetes, b e i n g  c o v e re d  by a  t h i c k  l a y e r  o f
— 15  —
derm al t i s s u e .  I n s t e a d  o f  an o r a l  d i s c  t h e y  have a l o o s e  
f l a b b y  hood and two s i d e  f l a p s  s u r r o u n d i n g  a round  and 
" t o o t h l e s s "  mouth. A lso ,  i n  p l a c e  o f  a  r a s p i n g  ton gu e  i s  
fo und  a knob o f  s o f t  f l e s h  from w hich  th e  to ng ue  a r i s e s  
d u r in g  m e ta m o rp h o s is ,  which i s  r e f e r r e d  to  a s  th e  
" P r e c u r s o r  o f  t h e  Tongue". The l a r v a e  a r e  l i k e w i s e  
eq u ip p ed  w i t h  d o r s a l  f i n s  and a n a s o h y p o p h y s e a l  o p e n in g  
on to p  o f  t h e  h ea d .
Of c o u r s e ,  t h e r e  a r e  a  number o f  o b v io u s  d i f -  
: f e r e n c e s  i n  t h e  i n t e r n a l  anatomy o f  a d u l t  la m p re y s  and 
ammocoetes, b u t  none o f  t h e s e  i s  r e l e v a n t  t o  t h e  p r e s e n t  
d i s s e r t a t i o n .
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IDENTIFICATION:
As s t a t e d  e a r l i e r ,  t h e r e  h a s  been a  s t a r t l i n g  
l a c k  o f  r e s e a r c h  on t h e  p rob lem  o f  ammocoete i d e n t i f i c a -  
: t i o n  i n  E urope .  L. p l a n e r i  and L. f l u v i a t i l i s  have been  
p a r t i c u l a r l y  c o n f u s i n g  i n  t h i s  r e g a r d  i n  t h a t  c o n t r o v e r s y  
as  to  w h e th e r  o r  n o t  t h e y  a r e  t r u l y  s e p a r a t e  s p e c i e s  h a s  
been  g o in g  on f o r  t h e  p a s t  e i g h t y  y e a r s .
Anton S c h n e id e r  (1879)  c o n s i d e r e d  them as  be -  
: l o n g i n g  t o  t h e  same s p e c i e s .  Wayg e l  (1875)  s t a t e d  t h a t  
t h e y  m igh t  be s e p a r a t e  s u b s p e c i e s ,  b u t  c e r t a i n l y  n o t  d i s -  
: t i n c t  s p e c i e s .  Benecke (1886)  r e f e r r e d  to  b o th  as  
Petrom yzon f l u v i a t i l i s . Moreau (1881)  even went so f a r  
a s  to  s u g g e s t  t h a t  L. p l a n e r i  were j u v e n i l e  s t a g e s  o f  
L. f l u v i a t i l i s . L é g e r  (1924)  a s s e r t e d  e m p h a t i c a l l y  t h a t  
t h e  two were s e p a r a t e  s p e c i e s  and d i s c u s s e d  m in o r  
m o rp h o lo g ic a l  d i f f e r e n c e s  o f  t h e  head  and mouth i n  th e  
ammocoetes o f  R i v e r  and Brook Lampreys.  He p o i n t e d  o u t  
t h a t ,  a t  m e ta m o rp h o s is ,  L. p l a n e r i  h a s  r e l a t i v e l y  s m a l l e r  
eyes  t h a n  does L. f l u v i a t i l i s  a t  t h e  same s t a g e  o f  
d eve lo p m en t .  L é g e r  (1920 and 1924) a l s o  made a  s tu d y  o f  
m e tam orphos ing  ammocoetes o f  P. m a r i n u s , n o t i n g  t h a t  t h e y  
d i f f e r  from l a r v a e  o f  Brook and R i v e r  Lampreys i n  h a v in g  
u n i f o r m l y  g re y  d o r s a l  and l a t e r a l  s u r f a c e s .
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However, d e s p i t e  t h e s e  a t t e m p t s ,  ammocoete 
s y s t e m a t i c s  have  been  so n e g l e c t e d  i n  Europe t h a t  ' S i t i n g  
(1957 -  p e r s o n a l  c o r r e s p o n d e n c e )  s t a t e d ,  "No s p e c i f i c  
d i f f e r e n c e s  a r e  known betv/een t h e  young o f  t h e  t h r e e  
B r i t i s h  s p e c i e s  o f  l a m p re y " .
T h is  h a s  n o t  been  t h e  c a s e  i n  N o r th  A m er ica .  
G r e a s e r  and Hubbs (1922)  made a co m p reh en s iv e  s u rv e y  o f  
t h e  s y s t e m a t i c s  o f  H o l a r c t i c  l a m p re y s ,  t h e n  G r e a s e r  (1940)  
c a r r i e d  o u t  a  more th o ro u g h  s tu d y  o f  t h e  c h a r a c t e r i s t i c s  
o f  c e r t a i n  sm a l l  Brook Lamprey (E n to sp h e n u s  s p . ) from t h e  
N o r th  E a s t e r n  U n i t e d  S t a t e s .  The r e a l  champion o f  lam prey  
s y s t e m a t i c s ,  however,  h a s  been Vadim D. V ladykov ,  a 
Ganadian  b i o l o g i s t .  I n  1949 he d e s c r i b e d  t h e  morpho- 
; l o g i c a l  d i f f e r e n c e s  be tw een  s e v e r a l  s p e c i e s  o f  l a m p re y s  
found  i n  A m erica ,  and i n  1950 he p ro d u c ed  a  monograph 
d e v o te d  e n t i r e l y  to  ammocoete taxonomy, em b rac ing  i n  h i s  
s tu d y  l a r v a e  o f  two t y p e s  o f  Brook Lampreys ( E n to sp h e n u s  
lammotenni and Ich thyom yzon a e p y p t e r a ) and t h e  Sea 
Lamprey ( P. m a r i n u s ) .
The t e c h n i q u e s  which Vladykov u s e d  i n  i d e n t i f y -  
: i n g  American ammocoetes v/ere o f  g r e a t  u s e  i n  g u i d i n g  t h e  
p r e s e n t  a u t h o r  i n  h i s  a t t e m p t s  to  i d e n t i f y  B r i t i s h  
ammocoetes. A f i e l d  key  to  l a r v a e  o f  t h e  t h r e e  B r i t i s h
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s p e c i e s  v;as e s t a b l i s h e d  (MacDonald 1 95 9 ) .  I n  t h e  p r e s e n t  
p a p e r  t h i s  key  i s  a m p l i f i e d  and s e v e r a l  ammocoete 
c h a r a c t e r i s t i c s  n o t  i n c l u d e d  i n  t h e  1959 p u b l i c a t i o n  a r e  
d i  s c u s s e d .
I n  making th e  p r e s e n t  a n a l y s i s  o v e r  11 ,000  
ammocoetes were c a r e f u l l y  examined and compared, a s  were 
175 a d u l t  l a m p r e y s . T h is  l a t t e r  was done i n  o r d e r  to  
v e r i f y  myomere c o u n t s  made on ammocoetes.
P r e l i m i n a r y  e x a m in a t io n  i n d i c a t e d  7 taxonom ic  
c h a r a c t e r s  "which seemed to  show s p e c i e s  v a r i a t i o n .
These were :
( a )  P i g m e n ta t i o n  o f  th e  p r e c u r s o r  o f  t h e  to n g u e .
(b )  P i g m e n ta t i o n  o f  t h e  c a u d a l  f i n .
( c )  P i g m e n ta t i o n  o f  t h e  head  and b r a n c h i a l
r e g i o n .
(d )  P i g m e n ta t i o n  o f  t h e  t r u n k  myomeres.
( e )  Shape o f  t h e  c a u d a l  f i n .
( f )  Shape o f  t h e  s n o u t .
( g) N"umber o f  t r u n k  myomeres.
Of c o u r s e  t h e  g r e a t e s t  d i f f i c u l t y  to  overcome 
was i n  b e in g  c e r t a i n  o f  t h e  s p e c i e s  o f  an ammocoete
b e f o r e  a s s e s s i n g  i t s  c h a r a c t e r i s t i c s .  U n t i l  t h e  p r e s e n t .
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p e o p l e  i n v e s t i g a t i n g  ammocoetes seem to  have  b een  und er  
t h e  i m p r e s s i o n  t h a t  a l l  ammocoetes fou n d  i n  a g i v e n  s m a l l  
a r e a  must be o f  t h e  same s p e c i e s ,  and t h a t  t h i s  s p e c i e s  
c o u l d  be d e te r m in e d  by a s o r t  o f  g u e s s  work b a s e d  on v/hat 
a d u l t  la m p r e y s  had b een  ca u g h t  o r  s e e n  n e a r b y .  T h is  
a t t i t u d e  h a s  no f o u n d a t i o n  i n  f a c t .  In  th e  R i v e r  F o r th ,  
f o r  i n s t a n c e ,  ammocoetes o f  a l l  t h r e e  s p e c i e s  were  
c o l l e c t e d  i n  one s h o v e l  f u l l  o f  mud. ( S e e  T a b le  I ) .
At t h e  b e g i n n i n g  o f  t h i s  s tu d y  i t  was assumed  
t h a t  la m p r ey s  w ould  have  t o  be bred  i n  c a p t i v i t y  b e f o r e  
any u n q u e s t i o n a b l e  e v i d e n c e  o f  s p e c i e s  d i f f e r e n c e s  c o u l d  
be fo u n d .  T h e r e f o r e ,  i n  December 1957, 25 R i v e r  Lamprey 
a d u l t s  were o b t a i n e d  from the S e v e r n  R i v e r  n e a r  
G l o u c e s t e r .  T hese  were m a i n t a i n e d  u n d er  as  n a t u r a l  c o n -  
: d i t i o n s  a s  p o s s i b l e  i n  a l a r g e  aquarium. I t  was hoped  
t h a t  a t  l e a s t  some o f  them w ould  spawn and p r o v id e  
ammocoetes o f  a known s p e c i e s .  S ev en  o f  t h e s e  la m p r ey s  
d id  spawn d u r in g  t h e  f o l l o v / i n g  S p r i n g ,  and e x a m in a t i o n  o f  
some o f  t h e  ammocoetes n e a r l y  two y e a r s  l a t e r  u p h e l d  th e  
f o im e r  t e n t a t i v e  (C onclus ions  to  v/hich th e  a u th o r  had  
a r r i v e d  th r o u g h  a n a l y s i s  o f  f i e l d  s a m p l e s .
A n o th er  p r o o f  was o b t a i n e d  by k e e p i n g  l i v i n g  
ammocoetes i n  t a n k s ,  a f t e r  c o u n t i n g  t h e i r  myomeres and
-  2 0  -
exam in in g  t h e i r  p ig m e n ta t i o n ,  u n t i l  some o f  them m eta -  
:m orphosed .  I n  t h i s  way th e  d a t a  d e r i v e d  from th e  p r e -  
: l i m i n a r y  e x a m in a t io n  c o u ld  he c o r r e l a t e d  w i th  known 
s p e c i e s .
The t h r e e  s p e c i e s  were t e n t a t i v e l y  i d e n t i f i e d  
as  f o l l o w s .  A s t r o n g  s i m i l a r i t y  was n o t i c e d  between 
ammocoetes talc en from th e  E n d r ic k  R i v e r  and th o s e  o f  
E n tosphenus  l a m o t t e n i i , an American s p e c i e s  o f  Brook 
Lcimprey v e r y  much l i k e  L. p l a n e r i . These u n i d e n t i f i e d  
ammocoetes from t h e  E n d r ic k  were t h u s  h y p o t h e t i c a l l y  con-  
: s i d e r e d  as  L. p l a n e r i  l a r v a e .  Also i d e n t i f i c a t i o n  o f  
S ea  Lamprey ammocoetes p r e s e n t e d  no d i f f i c u l t i e s ,  as 
Vladykov (1950)  had  a l r e a d y  d ev e lo p e d  a  key f o r  th e  
s p e c i e s  i n  Canada.
By t h i s  t im e abou t  900 ammocoetes had been 
c o l l e c t e d  and examined, and p ro v id e d  t h a t  th e  t e n t a t i v e  
i d e n t i f i c a t i o n  o f  L. p l a n e r i  and P. m ar in u s  l a r v a e  had 
been  c o r r e c t ,  o n ly  one g roup  o f  ammocoetes, a l l  e x h i b i t i n g  
s i m i l a r  c h a r a c t e r t i s t i e s ,  rem ained  u n i d e n t i f i e d .  They 
were assumed to  be L. f l u v i a t i l i s .
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TAXONOMIC CHARA.CTERISTIGS;
( a )  PifflTientation o f  P r e c u r s o r  o f  Tongue; The p a r t s  o f  
t h i s  o rg a n  o f  u s e  i n  th e  p r e s e n t  d i s c u s s i o n  a r e  
i l l u s t r a t e d  i n  F i g .  1. The p r e c u r s o r  can he removed f o r  
e x a m in a t io n  by c u t t i n g  th e  f l o o r  o f  th e  ammocoete 
mouth. I n  ammocoetes o f  L. p l a n e r i  th e  t i p ,  m idd le
and b ase  o f  t h e  p r e c u r s o r  a r e  unp igm en ted  ( F i g .  1 ) .
A lso ,  b o th  th e  b a se  and the  m idd le  a r e  sw o l le n ,  g i v i n g  
them a  b u l b - l i k e  a p p e a ra n c e .  I n  L. f l u v i a t i l i s  t h e  
b ase  and m idd le  a r e  p igm en ted  and n o t  b u l b - l i k e  
( F i g .  2 ) .  I n  P. m a r in u s  t h e  m id d le  r e g io n  i s  r e l a t i v e l y  
s h o r t e r  than  ib  i s  i n  e i t h e r  o f  th e  o t h e r  two s p e c i e s .
The base  i s  u n p igm en ted  and i s  n o t  b u l b - l i k e  ( F i g .  3 ) .
T h is  c h a r a c t e r i s t i c  i s  t h e  b e s t  f o r  th e  pu rp ose  o f  
s e g r e g a t i n g  s p e c i e s  o f  dead ammocoetes b u t ,  o f  c o u r s e ,  i t  
can n o t  be u se d  w i th  l i v i n g  m a t e r i a l .
(b )  P ig m e n ta t i o n  o f  t h e  Caudal F i n ; On th e  b a s i s  o f  t h i s  
c h a r a c t e r i s t i c  B r i t i s h  ammocoetes im m e d ia te ly  f a l l  i n t o  
two g ro u p s .  Those i n  which th e  p ig m en ta ry  m elan op ho res  
a r e  s c a t t e r e d  w id e ly  o v e r  t h e  c a u d a l  f i n ,  sometimes r i g h t  
to  th e  p e r i p h r e y ;  and t h o s e  i n  which th e  p ig m e n t a t i o n  i s
I»
$% lé i
F ig . P r e c u r s o r  o f  t h e  tongue  i n  L. p l a n e r i  annnocoete. The r e g i o n s  o f  taxonomic im p o r ta n c e  a r e  t h e  
t i p  ( t ) ,  t h e  m id d le  (m) and t h e  base  ( b ) .  Note t h a t  i n  t h i s  s p e c i e s  t h e  t i p ,  m id d le  and b ase  a r e  u n p ig m en ted ,  and t h a t  t h e  base  i s  b u l b - l i k e .
M a g n i f i  c a t  i  o n : 1000X.
1mV* »»
P ig .  2: P r e c u r s o r  o f  t h e  to n g u e  i n  L. f l u v i a t i l i sanunocoete• Note  t h a t  t h e  b a se  and t h e  m id d le  a r e  p ig m en ted  w h i l e  t h e  t i p  i s  n o t .  
M a g n i f i c a t i o n :  1000X.
F i g .  3: The P r e c u r s o r  o f  t h e  t o n g u e  i n  P . m a r in u sammocoete. N ote  t h a t  t h e  b a s e ,  m id d le  and 
t i p  a r e  u n p ig m e n te d  and t h a t  t h e  b a s e  i s  n o t  b u l b - l i k e . M a g n i f i c a t i o n :  1000%.
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c o n fin ed  to  a narrow band o u t l i n i n g  th e  p o s t e r io r  t i p  o f  
th e  body. In L. p la n e r i  la r v a e  (S ee  P ig .  4) ^there are  
r e l a t i v e l y  few m elanophores v i s i b l e  on th e  caudal f i n ,  
and th e se  arp sm all and j e t  b la ck , and are co n c e n tr a te d  
in  a narrow band e n c lo s in g  th e  p o s t e r io r  t i p  o f  th e  body.
F or  t h i s  r e a s o n  t h e  g r e a t e r  p a r t  o f  t h e  a r e a  o f  t h e  c a u d a l  
■fin i n  t h i s  s p e c i e s  i s  c o m p le t e ly  t r a n s l u s c e n t  and d ev o id  
o f  p ig m en t .  I n  L. f l u v i  a t  i l  i s  t h e  m e lan o p h o re s  a r e  l a r g e  
and d a rk  brown, and t h e  f i e l d  o f  p i g m e n t a t i o n  e x t e n d s  
from t h e  edges  o f  t h e  body t i p ,  where i t  i s  most co n cen -  
: t r a t e d  and hence  d a r k e s t ,  o u t  o v e r  t h e  main a r e a  o f  t h e  
c a u d a l  f i n .  The p i g m e n t a t i o n  r a r e l y  e x t e n d s  t o  t h e  edges  
o f  t h e  c a u d a l  f i n ,  b u t  g e n e r a l l y  p r e s e n t s  an i r r e g u l a r  
edge w hich  does  n o t  f o l l o w  t h e  c o n t o u r  o f  t h e  o u t e r  edge 
o f  t h e  c a u d a l  f i n  i t s e l f .  (S ee  F i g .  4 b ) .  I n  P. m a r in u s  
ammocoetes t h e  p i g m e n t a t i o n  e x t e n d s  a lm o s t  t o  t h e  edges  
o f  t h e  c a u d a l  f i n ,  and p r e s e n t s  a  smooth, r e g u l a r  o u t -  
: l i n e ,  f o l l o w i n g  t h e  edge o f  t h e  c a u d a l  f i n .  A lso  t h e  
m e lan o p h o re s  o f  t h i s  s p e c i e s  a r e  g r e y  i n  c o l o u r  and 
i n t e r m e d i a t e  i n  s i z e  be tw een  t h o s e  o f  L. p l a n e r i  and 
L. f l u v i a t i l i s . (S ee  F i g .  4 c ) .
I n  a l l  ammocoetes t h e  e x t e n t  o f  p i g m e n t a t i o n  
on t h i s  p a r t  o f  t h e  body i n c r e a s e s  somewhat as  t h e  l a r v a e
ab
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F i g .  4: The p o s t e r i o r  ends  o f  ammocoetes.
M a g n i f i c a t i o n :  4 .5X.
( a)  L. p l a n e r i .( h) L. f l u v i a t i l i s .
( c )  P. m a r i n u s .
!
grow, and t h i s  phenomenon i s  p a r t i c u l a r l y  m arked  i n  l a r g e  
L. p l a n e r i  ammocoetes j u s t  p r e v i o u s  t o  m e ta m o rp h o s i s ,  
w h ich  on t h e  b a s i s  o f  c a u d a l  f i n  p i g m e n t a t i o n  a l o n e ,  
m ig h t  be c o n f u s e d  w i t h  L. f l u v i a t i l i s . (S ee  P i g .  5 ) .
( c )  P i g m e n t a t i o n  o f  t h e  Head and  B r a n c h i a l  R e g i o n ; The 
b r a n c h i a l  r e g i o n  (b o u n d e d  a n t e r i o r a l l y  by t h e  c r e a s e  
m a rk in g  t h e  p o s i t i o n  o f  t h e  eye  and p o s t e r i o r a l l y  by t h e  
7 t h .  g i l l - s l i t ) i s  f a i r l y  d i s t i n c t i v e l y  p ig m e n te d  i n  a l l  
t h r e e  s p e c i e s .  I n  L. p l a n e r i  and L. f l u v i a t i l i s  amnio- 
: c o e t e s ,  a l l  o f  t h e  p i g m e n t a t i o n  l i e s  above t h e  row o f  
g i l l - s l i t s  i n  t h e  b r a n c h i a l  r e g i o n ,  w h i l e  i n  P .  m a r in u s  
l a r v a e  p i g m e n t a t i o n  e x t e n d s  be low  t h e  row o f  g i l l - s l i t s .  
(S ee  P i g s .  6a,  6b, 6 c ) .  T h i s  c h a r a c t e r i s t i c  i s  t h e r e f o r e  
s u i t a b l e  f o r  s e p a r a t i n g  ammocoetes o f  P. m a r in u s  from  
tho se ,  o f  t h e  o t h e r  two s p e c i e s .  A s i m i l a r  d i f f e r e n c e  ca n  
be fo u n d  i n  t h e  p i g m e n t a t i o n  o f  t h e  s n o u t .  I n  P . m a r in u s  
t h e  mouth f l a p s  a r e  c o m p l e t e l y  p ig m e n te d ,  w h e r e a s  i n  t h e  
o t h e r  s p e c i e s  a  w h i t e  u n p ig m e n te d  p a t c h  i s  v e r y  p ro m in e n t  
i n  t h i s  r e g i o n .
• ( d )  P i g m e n t a t i o n  o f  T runk  Myomeres; The t r u n k  myomeres 
l i e  be tw een  t h e  7 t h .  (m o s t  p o s t e r i o r )  g i l l - s l i t  and  t h e  
a n u s .  I n  P. m a r in u s  p i g m e n t a t i o n  i n  t h i s  r e g i o n  i s  u n i -  
: fo rm , e x t e n d i n g  down b o t h  s i d e s  and  on t h e  d o r s a l
aP i g .  5: Caudal  f i n s  o f  L. p l a n e r i  ammocoetes.
M a g n i f i c a t i o n :  10X.
( a )  l a r v a  14 months o l d .(h )  l a r v a  ab o u t  to  undergo  m e tam o rp h o s is .
s u r f a c e ,  e v e n ly  a l l  t h e  way a l o n g .  L a rv ae  o f  b o th  
L. p l a n e r i  and L. f l u v i a t i l i s  have  an u nev en  t r u n k  p i g -  
2 ment a t  i o n .  Prom t h e  anus  a n t e r i o r a l l y  u n t i l  p a r t  o f  
t h e  way a lo n g  t h e  t r u n k ,  t h e  p i g m e n t a t i o n  e x t e n d s  down 
t h e  l a t e r a l  s u r f a c e s  f a i r l y  e v e n ly .  I t  t h e n  r i s e s ,  
l e a v i n g  an e v e r  w id e n in g  u n p ig m e n te d  m a rg in  on t h e  l o w e r  
l a t e r a l  s u r f a c e s  o f  t h e  t r u n k .  The t r u n k  p i g m e n t a t i o n  
u n i t e s  e v e n ly  w i t h  t h a t  o f  t h e  b r a n c h i a l  r e g i o n  o v e r  t h e  
g i l l - s l i t s .  I n  L. p l a n e r i  t h e  s l o p e  o f  t h e  l i n e  o f  
d e m a r c a t io n  b e tw een  p ig m en ted  and u n p ig m e n te d  a r e a s  i s  
q u i t e  g r a d u a l ,  s t a r t i n g  a s  i t  do es  h a l f - w a y  a lo n g  t h e  
t r u n k .  I n  L. f l u v i a t i l i s , how ever ,  t h e  l o w e r  edge o f  
t h e  p i g m e n t a t i o n  d o es  n o t  s l a n t  upw ards  u n t i l  q u i t e  c l o s e  
t o  t h e  p o s t e r i o r  end o f  t h e  b r a n c h i a l  r e g i o n ,  so t h a t  i t s  
j u n c t i o n  w i t h  t h e  b r a n c h i a l  p i g m e n t a t i o n  i s  more a b r u p t  
t h a n  i s  t h e  c a s e  i n  L. p l a n e r i .
( e )  Shape o f  C auda l  "P in : The c a u d a l  f i n  o f  L. p l a n e r i
i s  r a t h e r  d e e p ly  n o t c h e d  d o r s a l l y  a t  a  p o i n t  a b o u t  two- 
t h i r d s  o f  t h e  d i s t a n c e  be tw een  anus  and p o s t e r i o r  t i p  o f  
t h e  body, u n t i l  j u s t  b e f o r e  m e ta m o rp h o s i s ,  when t h i s  
n o t c h  s h a l lo w s  c o n s i d e r a b l y .  I n  L. f l u v i a t i l i s  t h e  n o t c h  
i s  a lw ays  q u i t e  s h a l l o w ,  and t e n d s  to  o c c u r  c l o s e r  t o  t h e  




P ig .  6: B r a n c h i a l  r e g i o n s  o f  ammocoetes M a g n i f i c a t i o n :  6X.( a )  L. p l a n e r i .( b )  L. f l u v i a t i l i s .
( c ) P . m a r i n u s .
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o f  L. f l u v i a t i l i s  i n  t h i s  r e g a r d ,  so t h a t  t h i s  c h a r  a c t e  r -  
x i s t i c  i s  good f o r  s e g r e g a t i n g  y o u n g e r  ammocoetes o f  
L. p l a n e r i ' from t h o s e  o f  t h e  o t h e r  tv/o s p e c i e s .  (S ee  
P i g s .  4 a ,  4h, 4 o ) .
( f  ) Shape o f  t h e  Snout : L. f l u v i a t i l i s  ammocoetes 
p o s s e s s  a  more p o i n t e d  and b e a k - l i k e  sn o u t  t h a n  do 
L. p l a n e r i  and P. m a r i n u s . I n  t h e  l a t t e r  tvm s p e c i e s  
t h e  sn o u t  i s  b l u n t .  T h is  c h a r a c t e r i s t i c  i s  s u i t a b l e  i n  
com par ing  ammocoetes, b u t  i s  n o t  s u f f i c i e n b l y  d i s t i n c t i v e  
t o  i d e n t i f y  s i n g l e  sp ec im en s .  (See  P i g s .  6a,  6b, 6 c ) .
(g )  Number o f  Trunk Myomeres; The number o f  t r u n k  
myomeres i n  ammocoetes i s  a  v e r y  sound c h a r a c t e r i s t i c  
f o r  s e g r e g a t i n g  l a r v a e  o f  L. f l u v i a t i l i s  from t h o s e  o f  
L. p l a n e r i  and P. m a r i n u s , when d e a l i n g  w i t h  e i t h e r  
l i v i n g  o r  dead m a t e r i a l ,  a s  t h e  myomeres ca n  be see n  v e r y  
e a s i l y  i n  ammocoetes. The f o l l o w i n g  t a b l e  p r e s e n t s  t h e  
r e l e v a n t  d a t a :
Range i n  Average NumberS p e c i e s  No. Myomeres No. Myomeres Ammocoetes
L. p l a n e r i  62 -  69 6 5 .2  6 ,0 43
L. f l u v i a t i l i s  51 -  58 54 .4  4 ,102
P. m a r in u s  61 -  69 6 7 .2  1 ,1 8 4
—  27 —
The i n t r i n s i c  v a lu e  o f  myomere c o u n t s  a s  a  
taxonom ic  c r i t e r i o n  i s  t h a t  t h e y  can  be made on t h e  
t i n i e s t  l a r v a e ,  and re m a in  c o n s t a n t  t h r o u g h o u t  t h e  whole 
l i f e  o f  t h e  ammocoete. D ur ing  m etam o rp h os is  t h e  number 
o f  myomeres i n c r e a s e s  s l i g h t l y ,  c o n f u s i n g  t h e  i s s u e . But 
a t  t h i s  l e v e l  o f  deve lopm ent  i d e n t i f i c a t i o n  i s  e a s i l y  
a c c o m p l i sh e d  th ro u g h  t h e  u se  o f  p ig m e n ta ry ,  and o t h e r ,  
c h a r a c t e r i s t i c s .
THE PROBLEM OF RATIOS OP BODY PARTS;
In  a l l  o f  h i s  taxonom ic  k e y s  to  s p e c i e s  o f  
a d u l t  lam p rey s ,  Vladykov (1949 ,  1955, 1958) h a s  em phas ized  
th e  im p o r ta n c e  o f  t h e  r e l a t i v e  s i z e s  o f  c e r t a i n  body p a r t s  
common i n  a l l  lam p rey s  a s  good c r i t e r i a  f o r  s e p a r a t i n g  
s p e c i e s .  The s e c t i o n s  o f  t h e  body u s e d  a r e  t h e  f o l l o w i n g :
( a )  The d i s t a n c e  from t h e  t i p  o f  t h e
d i s c  to  t h e  f i r s t  g i l l - s l i t .
A b b r e v i a t e d  b y - - - - - - - - - d  - B ^ .
(b )  The d i s t a n c e  from t h e  1 s t .  to  th e
7 t h .  g i l l  - - - - - - - - - - -  B^  -  By.
( c )  D i s t a n c e  from 7 t h .  g i l l - s l i t  to
anus - - - - - - - - - - - - - -  By - a .
(d )  D i s t a n c e  from anus to  t i p  o f
c a u d a l  f i n  - - - - - - - - - - - a  - C .
-- 2(3 --
( e )  The l e n g t h  o f  l o n g e s t  f i n  r a y  i n  2nd. 
d o r s a l  f i n  - - - - - - - - - - - - - -  hD^.
( f )  H o r i z o n t a l  d i a m e te r  o f  eye - - - - - -  0.
I n  v iew  o f  t h e  f a c t  t h a t  V ladykov h a s  n e v e r  
found  t h e s e  c r i t e r i a  to  f a i l  i n  s e g r e g a t i n g  s p e c i e s  o f  
lam p rey s ,  t h e  p r e s e n t  a u t h o r  was most d i s a p p o i n t e d  to  f i n d  
t h a t  no d i f f e r e n c e  c o u ld  he found among any o f  t h e  B r i t i s h  
lam prey s  when compared on t h i s  b a s i s .  F i f t e e n  a d u l t s  o f  
each  s p e c i e s  v;ere m easu red .  As t h e  same t e c h n i q u e s  had  
n o t  been t r i e d  on aminocoet e s ,  t e n  L. p l a n e r i  l a r v a e ,  
tw e lv e  L. f l u v i a t i l i s  and e l e v e n  P. m a r in u s  were examined 
w i th  r e g a r d  to  t h i s  c r i t e r i o n .  The r e s u l t s  a r e  shovm i n  
T ab le s  I I - I V  and d e m o n s t r a te  q u i t e  c l e a r l y  t h a t ,  so f a r  
as  B r i t i s h  ammocoetes a r e  c o n c e rn e d ,  t h i s  i s  an u n r e l i a b l e  
c h a r a c t e r i s t i c  f o r  s p e c i e s  i d e n t i f i c a t i o n .  The i d e a  o f  
e x p r e s s i n g  t h e  f i g u r e s  as  p e r c e n t a g e  r a t i o s :  
e . g .  d -  B^
TL X 100 i s  Vladykov* s .  TL means ’’t o t a l  l e n g t h "
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FACTORS CAUSING VARIATION IN PIGMENTATION :
There  a r e ,  i n  an ammocoete*s e n v i ro n m e n t ,  i n -  
: n u m era b le  v a r i a b l e s  v/hich m igh t  be e x p e c t e d  to  r e f l e c t  
t h e m s e lv e s  i n  t h e  i n t e n s i t y  o r  d i s t r i b u t i o n  o f  e x t e r n a l  
p igm ent  i n  t h e  ammocoete. However, a f t e r  c o l l e c t i n g  
ammocoetes v / id e ly  t h r o u g h o u t  B r i t a i n ,  a t  v a r i o u s  t im e s  o f  
y e a r  and by v a r i o u s  means, and a f t e r  h a v in g  had  s e v e r a l  
y ea rs*  e x p e r i e n c e  i n  m a i n t a i n i n g  ammocoetes i n  t h e  l a b o r -  
: a t o r y ,  t h e  a u t h o r  h a s  come to  t h e  c o n c l u s i o n  t h a t  o n ly  
two f a c t o r s  c a u s e  s u f f i c i e n t  v a r i a t i o n  i n  p i g m e n t a t i o n  to  
be o f  m e r i t  i n  t h i s  p a p e r .
( a )  S e a s o n a l  F l u c t u a t i o n s  i n  T e m p e r a tu r e ; Extreme 
c a u t i o n  must be e x e r c i s e d  i n  exam in in g  en masse ammo- 
: c o e t e s  which  have  been  t a k e n  a t  d i f f e r e n t  t im e s  o f  y e a r .  
I t  was found ,  f o r  i n s t a n c e ,  t h a t  ammocoetes o f  L. p l a n e r i  
t a k e n  d u r in g  t h e  w i n t e r  months  were f a r  d a r k e r  i n  c o l o u r  
t h a n  t h o s e  t a k e n  from t h e  same r i v e r  ( E n d r i c k )  i n  summer. 
T h is  d i f f e r e n c e  was so marked t h a t  t h e  summer ones were  
a lm o s t  m i s i d e n t i f i e d .  The p o r t i o n  o f  t h e  body most 
s t r o n g l y  a f f e c t e d  by t e m p e r a t u r e  f l u c t u a t i o n s  i s  t h e  
b r a n c h i a l  r e g i o n ,  w h i l e  t h e  c a u d a l  f i n  i s  s c a r c e l y  
a f f e c t e d  a t  a l l .  The t e n d e n c y  tow ard  a f a d i n g  o f  e x t e r n a l
aF ig .  7: V a r i a t i o n s  i n  i n t e n s i t y  o f  p i g m e n t a t i o n  ont h e  b r a n c h i a l  r e g i o n  o f  L. p l a n e r i  ammocoetes t a k e n  from t h e  R iv e r  E n d r i c k  i n  S c o t l a n d .  
M a g n i f i c a t i o n :  3X.( a )  l a r v a  t a k e n  i n  m i d - J u l y .(b )  l a r v a  t a k e n  i n  m id -F e b ru a r y .
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p ig m en ts  i n  th e  summer and an i n t e n s i f y i n g  o f  them i n  
t h e  w i n t e r  i s  more r e a d i l y  s e e n  i n  L . p i a n e r i  t h a n  i n  
t h e  o t h e r  s p e c i e s  ( P i g .  7 ) .
(h )  R e g io n a l  D i s t r i b u t i o n ; I n  com par ing  ammocoetes 
c a u g h t  u n d e r  s i m i l a r  s e a s o n a l  c o n d i t i o n s  on t h e  e a s t  and 
w es t  c o a s t s  o f  B r i t a i n ,  t h e  c o n c l u s i o n  was r e a c h e d  t h a t  
E as t -W es t  d i s t r i b u t i o n  h as  no s i g n i f i c a n t  e f f e c t  on t h e  
i n t e n s i t y  o f  p i g m e n t a t i o n ,  b u t  t h a t  some v a r i a t i o n  does 
o c c u r  on a N o r th - S o u th  a x i s .  ( P i g .  8) shows t h a t  ammo- 
: c o e t e s  c o l l e c t e d  i n  S c o t t i s h  s t r e a m s  i n  summer t e n d  to  
be q u i t e  n o t i c e a b l y  d a r k e r  t h a n  ammocoetes c o l l e c t e d  a t  
n e a r l y  t h e  same t im e  o f  y e a r  i n  s o u t h e r n  E n g land .  Again  
t h i s  d i f f e r e n c e  i s  most d i s t i n c t  i n  ammocoetes o f  
L. p l a n e r i .
SUMMARY; A l though  no one o f  t h e  c h a r a c t e r i s t i c s  ( w i t h  
th e  p o s s i b l e  e x c e p t i o n  o f  t h o s e  d e a l i n g  w i th  t h e  p r e -  
: c u r s o r  o f  th e  to n g u e )  d e s c r i b e d  i s  d e p e n d ab le  f o r  
s e p a r a t i n g  a l l  t h r e e  s p e c i e s  o f  ammocoetes, t h e y  can  be 
combined i n  a nuiaber o f  ways, a c c o r d in g  to  t h e  c o n d i t i o n  
o f  t h e  m a t e r i a l ,  w h e th e r  i t  must be i d e n t i f i e d  a l i v e ,  
e t c . ,  to  p roduce  s e v e r a l  v a l i d  k e y s .  The f o l l o w i n g  one 
i s  recommended.
ab
P i g .  S; V a r i a t i o n s  i n  i n t e n s i t y  o f  p i g m e n t a t i o n  on th e  
b r a n c h i a l  r e g i o n  o f  L. p l a n e r i  ammocoetes t a k e n  i n  J u l y .  M a g n i f i c a t i o n :  5X.(a )  f rom  th e  I s i s  R iv e r ,  O xford ,  E ng land .(b )  f rom  t h e  R iv e r  Leven, S c o t l a n d .
- -  3/4 - -
A KEY TO AMvlQGQETES OP BRITISH LAMPREYS;
A^  -  A maxim-um o f  53 T nm k  Myomeres -  -  L. f l u v i a t i l i s .
A2 -  A minimum o f  60 Trunk Myomeres.
B>| -  A rea  o f  Caudal P in  l a r g e l y  o f
a  m i lk y  t r a n s p a r a n c y ,  w i t hmany s m a l l  d a rk  m elan o p h o re s  i n  a  na r row  m arg in  o u t l i n i n g  t h e  p o s t e r i o r  t i p  o f  t h ebody - - - - - - - - - - - -  L. p l a n e r i .
Bg -  A re a  o f  Caudal P in  s p r i n k l e dw i d e ly  w i th  g r e y  m e lan o p h o re s  F . m a r i n u s .
The above key  would be o f  u se  i n  s e g r e g a t i n g  l i v i n g  
ammocoetes. The specim en would have t o  be p l a c e d  i n  a 
t e s t - t u b e  o f  s u f f i c i e n t  narrovm.ess to  p r e v e n t  i t  from 
v / r i t h i n g  too  v i o l e n t l y ,  and t h e  myomere c o u n t s  made v / i th  
a  m a g n i fy in g  l e n s .
I t  s h o u ld  be s t r e s s e d ,  how ever ,  t h a t  i f  dead 
m a t e r i a l  i s  b e i n g  examined v / i th  a  view to  i d e n t i f i c a t i o n ,  
a l l  o f  t h e  c r i t e r i a  sh o u ld  be c a l l e d  i n t o  p l a y .
-  35 -
EARLY LARVAL DEVELOPMENT:
SPAVWINO:
As a p r e r e q u i s i t e  to  s t u d y i n g  th e  r a t e  o f  
deve lopm ent  o f  ammocoete embryos so as  to  o b t a i n  com p le te  
d a t a  on l e n g t h  o f  l a r v a l  l i f e ,  c e r t a i n  o b s e r v a t i o n s  were 
made on spawning a d u l t s .  T h is  was done i n  o r d e r  t h a t  th e  
eggs  c o u ld  be s t u d i e d  im m e d ia te ly  a f t e r  f e r t i l i z a t i o n ,  
and t h a t  t h e  c o n d i t i o n s  o f  w a t e r  t e m p e r a t u r e ,  e t c . ,  r e -  
t q u i r e d  by th e  e a r l y  l a r v a l  s t a g e s  c o u ld  be a s s e s s e d  
d i r e c t l y .
S e v e r a l  e x h a u s t i v e  s t u d i e s  have been  made on 
t h e  spawning b e h a v io u r  o f  aduJLt la m p re y s ,  e s p e c i a l l y  t h e  
t h r e e  s p e c i e s  c o n c e rn ed  i n  t h i s  p a p e r .  L i l l j e b o r g  (1 8 9 1 ) ,  
S m i t t  (1 6 9 5 ) ,  W eissen berg  (1 9 2 5 ) ,  L a u t e r b o r n  ( 1 9 2 6 ) ,  
C o t ro n e i  (1 9 2 7 ) ,  Iv a n o v a b e rg  (1 9 3 6 ) ,  G la re  (1 9 3 9 ) ,  Bahr 
(1952)  and H a g e l in  and S t e f f n e r  (1958)  a l l  i n v e s t i g a t e d  
L am p etra  f l u v i a t i l i s  from t h i s  p o i n t  o f  v iew , so t h a t  
my own work on t h i s  p rob lem  i s  m e re ly  a  s u p e r f i c i a l  check  
t o  a s c e r t a i n  w h e th e r  B r i t i s h  R iv e r  Lampreys engage i n  
spawning  b e h a v io u r  n o t i c e a b l y  d i f f e r e n t  from t h a t  o b s e rv e d  
on th e  c o n t i n e n t .
- -  3(5 - -
Spawning h a b i t s  o f  v a r i o u s  t y p e s  o f  s m a l l  Brook 
Lampreys, a l l  v e ry  s i m i l a r  t o  L am petra  p l a n e r i , have a l s o  
b een  v e ry  c o m p e te n t ly  i n v e s t i g a t e d  by a  number o f  w o rk e rs ,  
a s  f o l l o w s :  L a m p e t r a ^ w i l d e r i : Lean, Eastman and Sumner
(1 8 9 8 ) ,  Gage (1 8 9 6 ) ,  Young and Cole (1 9 0 0 ) ,  R e ig h a rd  (1903)  
L am petra  p l a n e r i ; M u l l e r  (1 8 5 6 ) ,  Loman (1 9 1 2 ) ,  S c h u l t z  
( 1 9 3 0 ) ,  H a r d i s t y  (1 9 4 4 ) .  Ich thyom yzon g r e e l e y i ; Hubbs 
and Trautman (1 9 3 7 ) .  H a r d i s t y  was t h e  o n ly  one to  c a r r y  
o u t  h i s  work i n  B r i t a i n .
Spawning b e h a v io u r  i n  t h e  S ea  Lamprey h a s  o n ly  
b een  f u l l y  i n v e s t i g a t e d  i n  t h e  U n i t e d  S t a t e s ;  H u ssak o f  
( 1 9 1 2 ) ,  C o v en t ry  (1922)  and A p p le g a te  (1 9 5 0 ) .
Comparison o f  t h e s e  r e s e a r c h e s  show t h a t  t h e r e  
i s  v e r y  c l o s e  agreem ent  a b o u t  t h e  optimum c o n d i t i o n s  f o r  
spawning  lam p rey s  o f  a l l  s p e c i e s :
( a )  Spawning i s  c a r r i e d  ou t  o v e r  sandy p e b b le d  
s u b s t r a t e s .
(b )  Whenever p o s s i b l e  la m p re y s  s e e k  ou t  shaded  
a r e a s  o f  t h e  s t re a m  f o r  spawning.
* U n t i l  1900  t h e  v a r i o u s  Am erican  t y p e s  o f  Brook Lampreys 
were p r e s e n t e d  u n d e r  t h e  g e n e r i c  name o f  PETROMYZON.
-  37
( c )  The eggs a r e  f e r t i l i z e d  a t  o r  n e a r  a  w a t e r  
t e m p e r a tu r e  o f  11^C.
Lamsa (1956)  showed t h a t  th e  spawning  ru n s  o f  
Sea Lampreys t a k e  p l a c e  a t  n i g h t .
In  v iew  o f  t h e  absen ce  o f  any co m prehens ive  
i n v e s t i g a t i o n  o f  spawning Sea Lampreys i n  E urope ,  i t  i s  
i n d e e d  u n f o r t u n a t e  t h a t  t h e  p r e s e n t  a u t h o r  was u n a b le  to  
u n d e r t a k e  such  a s tu d y .  However, t h r e e  a t t e m p t s  to  m ain -  
: t a i n  l i v i n g  Sea Lampreys i n  t a n k s  f a i l e d ,  and f i e l d  
s t u d i e s  on t h i s  an im al  were l a r g e l y  co n founded  by t h e  
s c a r c i t y  and i n a c c e s s i b i l i t y  o f  i t s  spawning g ro u n d s .
Spawning o f  R i v e r  Lampreys ( L. f l u v i a t i l i s ) and 
o f  Brook Lampreys ( L. p l a n e r i ) was i n v e s t i g a t e d  b o th  i n  
th e  l a b o r a t o r y  and i n  th e  f i e l d .  B a x t e r  (194-9) made a 
number o f  good s u g g e s t i o n s  c o n c e r n in g  t h e  m a in te n a n c e  o f  
a d u l t  lam p reys  i n  c a p t i v i t y .  I n  making l a b o r a t o r y  
o b s e r v a t i o n s  t h e s e  were fo l l o w e d  as  f a r  as  p o s s i b l e .
Lam petra  p l a n e r i ; E a r l y  i n  F e b r u a r y  1938, 9 a d u l t  Brook 
Lampreys v/ere t a k e n  from th e  F i e l d  S t a t i o n  Burn and were
sm a l l  s t r e a m  ru n n in g  from a s p r i n g  n e a r  t h e  Lodge House o f  th e  Rossdhu e s t a t e  (w hich  l i e s  be tw een  B a l lo c h  and L uss)  f o r  a few h u n d re d  f e e t  i n t o  t h e  w es t  s i d e  o f  
Loch Lomond.
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k e p t  i n  an aquarium  u n d e r  a s  n a t u r a l  c o n d i t i o n s  as  
p o s s i b l e .  As w e l l ,  o b s e r v a t i o n s  w ere  made r e g u l a r l y  on 
t h e  F i e l d  S t a t i o n  B um  i t s e l f ,  and t h e  I n l e r  B u m * .
D a i ly  r e c o r d s  were k e p t  o f  w a t e r  t e m p e r a t u r e ,  b o th  i n  
t h e  aquarium  and i n  t h e  f i e l d .
B e g in n in g  on 19 A p r i l ,  1938, an a l l  day v i g i l ,  
from davm u n t i l  s 'u n se t ,  was made e v e ry  t h i r d  day a t  t h e  
l a b o r a t o r y ,  t h e  I n l e r  B um  and t h e  F i e l d  S t a t i o n  B um  
r e s p e c t i v e l y .  T h is  was done i n  t h e  hope t h a t  L. p l a n e r i  
would spawn u n d e r  d a y l i g h t  c o n d i t i o n s  when t h e y  c o u ld  be 
o b s e rv e d .  T h is  hope was j u s t i f i e d ,  and o b s e r v a t i o n s  were 
c o n t i n u e d  i n  t h i s  manner u n t i l  7 May, 1938, by w hich  t im e 
the-  l a b o r a t o r y  s t o c k  o f  L. p l a n e r i  had  d ie d  o f f ,  and 
spawning o f  t h i s  s p e c i e s  a p p e a re d  to  be a t  an end i n  b o th  
t h e  I n l e r  and F i e l d  S t a t i o n  B u m s .
Exac t  c o u n t s  o f  t h e  numbers o f  Brook Lampreys 
c o n s t i t u t i n g  each  spawning ru n  i n  t h e  f i e l d  c o u ld  n o t  be 
made due to  th e  p o o r  v i s i b i l i t y  i n  b o th  b u rn s ,  b u t  
p a r t i c u l a r l y  t h e  I n l e r ,  w hich  i s  u s e d  as  a sewage d i t c h .
*A t r i b u t a r y  b u rn  t o  th e  R i v e r  Leven, D a n b a r t o n s h i r e ,  
abou t  11an. from Loch Lomond.
-  39  -
D ata  d e r iv e d  from t h e s e  e x p e r im e n ts  a r e  to  be 
fo und  i n  Table  V, where th e  l e t t e r  s i g n i f i e s  t h a t
spawning was seen  on t h a t  day, v\fhile th e  l e t t e r  "n" 
s i g n i f i e s  t h a t  e i t h e r  no lam p rey s  were seen  (w hich ,  o f  
c o u r s e ,  c o u ld  n e v e r  be th e  ca se  where l a b o r a t o r y  s to c k  
was i n v o l v e d ) ,  o r  t h a t  th o s e  'which were see n  were n o t  
spavming. As s t a t e d  e a r l i e r ,  o b s e r v a t i o n  c o u ld  o n ly  
be made on e v e ry  t h i r d  day i n  each  o f  the t h r e e  p l a c e s .  
Dashes s i g n i f y  t h a t  no o b s e r v a t i o n s  v/ere made.
The f a c t  t h a t  L. p l a n e r i  were seen  spawning 
d u r in g  th e  day does n o t  p r e c lu d e  th e  p o s s i b i l i t y  t h a t  
t h e y  a l s o  spawn a t  n i g h t ,  n o r  i s  i t  an i n d i c a t i o n  t h a t  
l i g h t  h a s  any c o n t r o l  o v e r  spawning, as  i n  b o th  b u m s  
spavming was c a r r i e d  ou t  o n ly  i n  th e  shaded  a r e a s  o f  
th e  s t rea m .
Lam petra  f l u v i a t i l i s ; As w i t h  th e  Brook Lampreys, R iv e r  
Lampreys were o b s e rv e d  spawning b o th  i n  t h e  f i e l d  and i n  
t h e  l a b o r a t o r y .  F i e l d  o b s e r v a t i o n s  on t h i s  s p e c i e s  were 
a l s o  made i n  t h e  F i e l d  S t a t i o n  Burn and t h e  I n l e r  Burn.
At th e  b e g in n in g  o f  J a n u a ry  1956, tw 'e n ty - th r e e  
a d u l t  R iv e r  Lampreys were t r a p p e d  i n  th e  S eve rn  R i v e r  
n e a r  T i r l e y ,  G l o u c e s t e r s h i r e . Of t h e s e ,  seven  s u r v i v e d
TABLE V - SPAYVRIEG OF L. p l a n e r i  IF  TWO STREAMS AND 
IN THE LABORATORY.
F i e l dS t a t i o n  B u m  I n l e r  B u m  L a b o r a t o r y
Mean W ater  Mean W ater  Mean W ate rD ate  s / n  Temp. ( G) s / n  Temp. ( C) s / n  Temp. ( C)
Apr. 21 - - - — n 10. 3
Apr. 22 - - n 1 0 . 0 - -
Apr. 23 n 10. 3 - - - —
Apr. 24 - - - - n 11. 3
Apr. 23 - - n 11. 0 - -
Apr. 26 s 11. 0 - - - -
Apr. 27 - - - - s 1 1 . 3
Apr. 28 - - 8 1 1 . 0 - -
Apr. 29 s 1 1 . 3 - - - -
Apr. 30 - - - - 8 11 . 3
May 1 - - S 1 1 . 3 - -
May 2 n 12. 3 - -
* 12. 3May 3 — — — n
May 4 - - n 12. 3 - -
May 5 n 1 2 . 0 - - - -
May 6 - - - - n 1 3 . 0
May 7 — — n 12. 3
""By t h i s t im e a l l o f  t h e l a b o r a t o r y s t o c k o f  L. p l a n e r i  had
—  41 —
t h e  w i n t e r  i n  t h e  l a b o r a t o r y ,  and s i x  o f  them s p a m e d  
s u c c e s s f u l l y .
U n f o r t u n a t e l y ,  i t  q u i t e  q u i c k l y  became a p p a r e n t  
t h a t  R iv e r  Lampreys a r e  o n ly  a c t i v e  a f t e r  d a r k .  I n  t h e  
l a b o r a t o r y  a t t e m p t s  were made to  w atch  them a t  n i g h t  by 
u s e  o f  a  dimmed e l e c t r i c  t o r c h .  However, even t h i s  d i s -  
: t u r b e d  them, c a u s i n g  them to  c e a s e  moving a lm o s t  immedi- 
: a t e l y .  Those s e e n  d u r i n g  t h e  day t im e  i n  t h e  I n l e r  B um  
were i n v a r i a b l y  a t  r e s t ,  h o l d i n g  o n to  a  ro c k  o r  some o t h e r  
s u r f a c e  w i t h  t h e i r  s u c k in g  d i s c s .  T h i s ,  o f  c o u r s e ,  
e l i m i n a t e d  t h e  p o s s i b i l i t y  o f  s t u d y i n g  t h e i r  spawning  
h a b i t s  i n  t h e  f i e l d .  However, i n  t h e  l a b o r a t o r y  i t  was 
p o s s i b l e  t o  d e t e r m in e  ro u g h ly  what t h e y  were d o in g  a t  
n i g h t  by a l l o w i n g  a b o u t  h a l f  an h o u r  f o r  t h e  ey e s  to  
accommodate to  d a r k n e s s •
On t h e  m o m in g  o f  2 May, 1953, eggs  were  found  
i n  t h e  n e s t ,  i n d i c a t i n g  t h a t  spavming had  t a k e n  p l a c e  
some t im e  th e  n i g h t  b e f o r e .  No o b s e r v a t i o n s  c o u ld  be 
made on 3 rd .  o r  4 t h .  May, b u t  on t h e  m o rn in g  o f  t h e  5 th .  
i t  was d i s c o v e r e d  t h a t  more eggs  had b e e n  shed  i n  t h e  
i n t e r i m .  On May 7 t h .  s i x  o f  t h e  sev en  la m p re y s  d i e d ,  and 
d i s s e c t i o n  o f  them r e v e a l e d  t h a t  t h e y  had  spawned. The 
l a s t  one, a  femaUe, d id  n o t  d i e  u n t i l  s e v e r a l  days l a t e r .
-  4-2 -
a t  which  t im e  d i s s e c t i o n  showed t h a t  a l t h o u g h  s e x u a l l y  
m a tu re ,  i t  had  n o t  spawned.
Petrom yzon m a r i n u s ; I t  h a s  been  shown by f i e l d  e x p e r i -  
rm ents  i n  w hich  Sea Lamprey were  t r a p p e d  as  t h e y  made 
t h e i r  way u p s t r e a m  (Lamsa 1956) t h a t  t h e y  were most a c t i v e  
between 10 p.m. and 1 a.m. and a t  a  w a t e r  t e m p e r a tu r e  o f  
ab ou t  14-^G ( S c o t t  1956) .
On May 4 t h . , d u r i n g  th e  day, a  Sea Lamprey 
n e s t  w i t h  s e v e r a l  a d u l t s  n e a r b y  was fou nd  i n  t h e  R i v e r  
P r u i n .  I n  t h e  n e s t  were found  s e v e r a l  h u n d red  e g g s .  
N e i t h e r  t h e  la m p re y s  n o r  t h e  eggs  had been  t h e r e  on t h e  
3 rd .  The w a te r  t e m p e r a tu r e  was 12^0.
I n  c o n s i d e r i n g  t h i s  spavming i n f o r m a t i o n ,  t h e n ,  
one comes to  th e  c o n c l u s i o n  e i t h e r  t h a t  L. p l a n e r i  and 
L. f l u v i a t i l i s  eggs can  o n ly  s u c c e s s f u l l y  b e g in  d e v e lo p -  
:ment a t  a  t e m p e r a tu r e  n o t  l o w e r  t h a n  II^G. and n o t  h i g h e r  
t h a n  12^G. a t  t h e  m ost ,  o r  t h a t  i t  i s  t h e  t im e  o f  y e a r  
which d e te r m in e s  when t h e  eggs  a r e  sh ed .  H a r d i s t y  (1944)  
found t h a t ,  i n  L. p l a n e r i , a  w a t e r  t e m p e r a tu r e  o f  be tw een  
10°G. to  11°G. was op tim un  f o r  spavming, and found t h a t  
i n  th e  r i v e r  sys tem  w i th  w hich  he was d e a l i n g ,  spavming 
to o k  p la c e  i n  l a t e  March o r  e a r l y  A p r i l .
-  43 —
Too much w e ig h t  can iio t  be p l a c e d  on t h e  r a t h e r  
h ig h  w a t e r  t e m p e r a tu r e  r e c o r d e d  f o r  spawning S ea  Lampreys 
i n  Canada ( S c o t t  1956),  b ec au se  t h e  s t r e a m s  c o n c e rn e d  a r e  
s u b j e c t e d  to  wide f l u c t u a t i o n s  o f  t e m p e r a t u r e  i n  t h e  S p r in g  
and e a r l y  Summer. Even so, t h e  f a c t  t h a t  such  d i s c r e p a n -  
: c i e s  i n  optimum spav/ning t e m p e r a t u r e  have b een  r e c o r d e d ,  
u n d e r l i n e s  t h e  n eed  f o r  f u r t h e r  r e s e a r c h  i n  t h i s  f i e l d .
EMBRYOLOGY;
S c o t t  (1888)  made a  n o te w o r th y  a t t e m p t  to  s tu d y  
th e  embryology o f  R i v e r  Lampreys ( L. f l u v i a t i l i s ) ,  b u t  
i t  i s  q u i t e  e v i d e n t  t h a t  he was h a n d ic a p p e d  by h i s  t e c h -  
: n i  que s .
A p p ro x im a te ly  200 f e r t i l i z e d  eggs o f  L. p l a n e r i  
and t h e  same number o f  L. f l u v i a t i l i s  eggs were  t r a n s f e r r e d  
from t h e  a q u a r i a  i n  which th e  spawning had  t a k e n  p l a c e  to  
two K i l n e r  j a r s  h a l f  f i l l e d  w i t h  w a t e r ,  L. f l u v i a t i l i s  
eggs i n  one and L. p l a n e r i  eggs  i n  th e  o t h e r .  M osquito  
n e t t i n g  was t h e n  s e c u r e d  o v e r  t h e  open mouths o f  t h e  j a r s ,  
and each  was k e p t  l y i n g  on i t s  s i d e  i n  a  s t r e a m  o f  con -  
: s t a n t l y  ru n n in g  w a t e r  i n  one o f  th e  a q u a r i a .  F e r t i l i z e d  
eggs o f  P . m a r in u s  o b t a i n e d  from a n e s t  i n  t h e  Fr u i n  
R iv e r  were t r e a t e d  l i k e w i s e .
-  44 -
F o r  t h e  f i r s t  10 h o u r s ,  a few eggs  o f  b o th  
L . p i a n e r i  and L. f l u v i a t i l i s  were examined h o u r l y .
T h is  c o u ld  n o t  be done w i t h  th e  P. m a r in u s  e g g s , b ec au se  
no way o f  knowing e x a c t l y  when they  had been  sh ed  was 
a v a i l a b l e .  A f t e r  t h i s  a  few eggs o f  a l l  t h r e e  s p e c i e s  
were examined a t  t h e  end o f  each  day, u n t i l  t h e  l a r v a e  
had d e v e lo p e d  s u f f i c i e n t l y  to  become m o t i l e .
When t h i s  s t a g e  had been  r e a c h e d ,  a  sample o f  
t e n  l a r v a e  o f  each  s p e c i e s  was k i l l e d  and m easu rem en ts  o f  
l e n g t h  were t a k e n .  The r e s u l t s  a r e  shown i n  T ab le  VI .
The t e n  l a r v a e  o f  each  s p e c i e s  a l l  became m o t i l e  w i t h i n  
a few h o u r s  o f  one a n o t h e r .  The g r e a t e s t  t im e  s p r e a d  was 
found  i n  P. m a r in u s  i n  which t h e  f i r s t  m o t i l e  l a r v a  was 
n o t e d  on 25 May, 1958  a t  10:35 a .m . ,  v ;h i le  t h e  l a s t  to  
become m o t i l e  d id  n o t  do so u n t i l  2 : 2 0  p.m. on t h e  same 
day.
I n  a l l  t h r e e  s p e c i e s  t h e  c l e a v a g e  o f  t h e  egg 
was h o l o b l a s t i c  (See  F i g .  9 ) .  I t  i s  w o r th w h i le  n o t i n g  
t h e  d i f f e r e n c e s  i n  t im e  r e q u i r e d  by L. f l u v i a t i l i s  and 
L. p l a n e r i  to  a t t a i n  m o t i l i t y .  T h is  would seem to  
s t r e n g t h e n  f u r t h e r  t h e  p r e s e n t  a u t h o r ’ s v iew  t h a t  t h e s e  
can  be r e g a r d e d  as  s e p a r a t e  s p e c i e s .  T h is  h a s  been  a 




F ig .  9 : E m b ry o lo g ie r,il deve lopm ent  i n  L. r l a n e r i . M a g n i f i c a t i o n :  25X.( a )  F e r t i l i z e d  egg (d ),    . 15t h .  d;%y(b )  F i r s t  C leavage  (5 h o u r s )  ( e )  1 6 th .  day( c )  8 c e l l  s t a g e  ( 8  h o u r s )  ( f )  19t h .  day
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— 4 6  —
RATE OF GROV/TH OF MOTILE LARVAE TO 15 -  20 MILLIMETRES IN LENGTH;
In  th e  j a r s  w i th  th e  newly m o t i l e  l a r v a e  a t h i n  
l a y e r  o f  sand  was p la c e d  so t h a t  the  ammocoetes c o u ld  
t a k e  up a s  n a t u r a l  an e x i s t e n c e  a s  p o s s i b l e  w i th o u t  b e -  
: coming too  d i f f i c u l t  to  f i n d  f o r  f u t u r e  e x a m in a t io n .
Every week, tv;o l a r v a e  o f  each  s p e c i e s  were removed from 
t h e i r  r e s p e c t i v e  j a r s ,  k i l l e d  and m easured .  I t  was i n -  
: t e n d e d  t h a t ,  i f  a d i f f e r e n c e  o f  g r e a t e r  t h a n  0 . 5  m i l l i -  
:m e t r e s  was r e c o r d e d  between th e  l e n g t h  o f  t h e  two s p e c i -  
:mens o f  any s i n g l e  sam ple ,  a t h i r d  l a r v a  o f  th e  same 
s p e c i e s  would be m easured  and t h e  t h r e e  v a l u e s  a v e ra g e d .
In  p o i n t  o f  f a c t  t h i s  n e v e r  had to  be done, i n d i c a t i n g  
t h a t  a t  t h a t  s t a g e  o f  t h e i r  developm ent,  a t  l e a s t ,  lam prey  
l a r v a e  grow a t  a  v e ry  u n i fo rm  r a t e .
R e s u l t s  o f  t h i s  ex p e r im e n t  a re  shovm i n  Table  V II .  
As a g l a n c e  a t  t h e s e  f i g u r e s  w i l l  r e v e a l ,  t h e  r a t e  o f  
l i n e a r  g row th  f o r  a p p r o x im a te ly  th e  f i r s t  16 weeks i s  
o n ly  i n d i c a t e d  ro u g h ly .  T h is  was due to  th e  sm all  sam ples  
u s e d ,  no d o u b t .  F or  i n s t a n c e ,  betw^een th e  d a t e s  25 
August end 8 Sep tem ber  Sea Lamprey ammocoetes a re  r e c o r d e d  
as  h a v in g  l o s t  0 . 4  m i l l i m e t r e s  l e n g t h  and th e n  r e g a i n e d  
i t .  T h is  i s  more l i k e l y  th e  r e s u l t  o f  sam pling  e r r o r
-  4 Y -
t h a n  o f  any i n t r i n s i c  p h y s i o l o g i c a l  deve lopm ent  v ; i th i n  
th e  ammocoete. However, t h e  f i g u r e s  a r e  s u f f i c i e n t l y  
a c c u r a t e  to  show t h a t  r a t e  o f  gro'wth a t  t h i s  l e v e l  i s  v e r y  
s low.
-  4 0  -
TABLE Y ll -  AVERAGE RATES OF GROWTH OF AL/ÎMOCOETESTHROUGH FIRST 16 WEEKS (OF ACTIVE LIFE.
L e n g th  i n  M i l l i m e t r e s  o f  a l l Three S p e c i e s
Date L. p l a n e r i L. f l u v i a t i l i s P. m a r in u s
May 26 7 .9 5.1 5 .7
J u n 2 8 . 1 5 .8 5 .8
Ju n 9 8 .4 6 .1 6 . 6
Jim 16 8 .7 6 .5 7 .4
Ju n 25 9 .2 6 . 8 8 .1
Ju n 30 9 .9 7 .2 8 .7
J u l 7 10 .4 7 .6 9 .4
J u l U 11.4 8 .3 1 1 .2
J u l 21 1 1 . 8 9 .0 11 . 1
J u l 28 1 2 . 8 10.1 1 1 .2
Aug 4 13.3 1 2 . 0 1 2 . 6
Aug 11 14.7 1 5 . 0 12.9
Aug 18 15.4 15.4 1 3 . 6
Aug 23 16.9 16.3 14.4
Sep 1 17.5 17.1 14.0
Sep 8 1 8 .8 19 .7 14.5
Sep 13 1 7 . 8 2 1 . 6 15.1
-  49 “
ESTIMATES OF RATES OF LINEAR GROWTH IN AJMQGOETES;
Long b e f o r e  ammocoetes were s t u d i e d  from th e  
p o i n t  o f  v iew  o f  y e a r  c l a s s e s ,  s e v e r a l  i m p o r t a n t  i n v e s t i -  
: g â t i o n s  on t h e  sequence  o f  d e v e lo p m e n ts ,  m a in ly  a n a to m i-  
: c a l ,  w hich  m a n i f e s t  th e m s e lv e s  d u r i n g  ammocoete g row th  
and m e tam o rp h o s is ,  were c a r r i e d  o u t .
O u t s t a n d i n g  i n  t h i s  r e g a r d  i s  an e x t r e m e ly  
th o ro u g h  a n a to m ic a l  s tu d y  made by D a n ie l  (1931)  on two 
t y p e s  o f  Brook Lampreys found  i n  t h e  U n i t e d  S t a t e s .
Leach (1940)  made a s i m i l a r  b u t  more s u p e r f i c i a l  a n a l y s i s  
on a n o t h e r  j im er ican  Brook Lamprey, r e l a t i n g  h i s  d a t a  to  
t h e  l o c a l  e c o lo g y  o f  t h e  s p e c i e s .
A lth o u g h  no a t t e m p t  was made by e i t h e r  o f  t h e s e  
a u t h o r s  to  e s t a b l i s h  y e a r  c l a s s e s ,  t h e i r  p a p e r s  a r e  v a l u -  
: a b le  i n  t h a t  landm arks  o f  ammocoete deve lopm ent  a r e  d e s -  
: c r i b e d  and p l a c e d  i n  t h e i r  c o r r e c t  s e q u e n c e ,  so t h a t  
f u t u r e  age g ro up  a n a l y s t s  were p r o v id e d  w i t h  a d e p e n d ab le  
method o f  v e r i f y i n g  t h e i r  c o n c l u s i o n s .
The im p o r ta n c e  o f  t h i s  c o n t r i b u t i o n  i s  b e s t  s e e n  
by c o n s i d e r i n g  a t t e m p t s  a t  age g roup  a n a l y s i s  made p r e -  
: v io u s  to  t h e  work o f  D a n ie l  and L each .  Hubbs (1 9 2 4 ) ,  
who a t t e m p t e d  to  a s c e r t a i n  t h e  l e n g t h  o f  l a r v a l  l i f e  i n
— 50 —
Brook Lampreys, made t h e  now c l a s s i c a l  e r r o r  o f  r e g a r d i n g  
t h e  l a r g e s t  ammocoetes as  t h e  o l d e s t ,  b e in g  t o t a l l y  un -  
: aware t h a t  a marked d e c r e a s e  i n  l e n g t h  p r e c e d e s  metamor- 
: p h o s i s ,
O kk e lbe rg  (1922)  d e s c r i b e d  t h e  l i f e  c y c l e  o f  
t h e  Brook Lamprey ( Ich thyom yzon  u n i c o l o r ) w i t h o u t  a t t e m p t i n g  
to  s e g r e g a t e  y e a r  c l a s s e s .
An u n d e r s t a n d a b l y  more i n t r i g u i n g  a s p e c t  o f  
g row th  s tu d y  i n  ammocoetes i s  t h e  prob lem  o f  m e tam o rp h o s is  
and t h e  v a r i o u s  p ro fo u n d  ch an ges  a s s o c i a t e d  w i t h  i t .  I n  
b o th  Europe and America  t h i s  h a s  c a p t u r e d  th e  i m a g i n a t i o n  
o f  a  number o f  em inent  b i o l o g i s t s ,  bu t  two a r e  o f  p a r t i c u -  
; l a r  im p o r ta n c e  from th e  p o i n t  o f  v iew o f  t h i s  p a p e r .
Gage (1 8 9 8 ) ,  i n v e s t i g a t i n g  m e tam o rp h o s is  i n  
Lampet r a  w i I d e r i , no bed th e  v a r i o u s  s t a g e s  th ro u g h  which 
t h e  l a r v a e  p a s s ,  i n  p a r t i c u l a r ,  t h e  p r o g r e s s i v e  d e v e lo p -  
: ment o f  t h e  mouth anatomy i s  d e s c r i b e d  i n  d e t a i l .
B a l a b a i  (1948) d e a l i n g  w i t h  a  European  Brook Lamprey 
( Lam petra  m a r i n e ) , a s c e r t a i n e d  t h a t  th e  l e n g t h  o f  t im e  
r e q u i r e d  f o r  m etam orphos is  l i e s  i n  th e  r e g i o n  o f  f o u r  to  
f i v e  m onths .
— 51 —
As h a s  a l r e a d y  been p o i n t e d  o u t ,  a l l  p r e v i o u s  
a t t e m p t s  to  a s c e r t a i n  r a t e s  o f  g row th  i n  ammocoetes have 
i n  r e e i l i t y  been  o n ly  e s t i m a t e s  b a se d  on random s a m p l in g .  
Also o n ly  t h e  l a r v a e  o f  t h e  Brook Lamprey ( L am p e tra  sp .  ) 
have  been  c o n s i d e r e d  from t h i s  p o i n t  o f  v i e w , t h e  o t h e r  
two B r i t i s h  s p e c i e s  h a v in g  been t o t a l l y  i g n o r e d .
Even though  o n ly  one s p e c i e s  o f  ammocoete h a s  
been  d e a l t  w i th  i n  t h e s e  p r e v io u s  e x p e r im e n t s ,  t h e  con-  
: e l u s i o n s  to  v/hich t h e  v a r i o u s  i n v e s t i g a t o r s  have come 
have  n o t  a g r e e d ,  d e s p i t e  th e  f a c t  t h a t  a l l  u s e d  e s s e n -  
; t i a l l y  s i m i l a r  m ethods .  S c h u l t z  (1950)  and H a r d i s t y  
( 1 9 4 4 ) e s t i m a t e d  a l a r v a l  l i f e  o f  be tw een  t h r e e  and f o u r  
y e a r s  f o r  ammocoetes o f  L. p l a n e r i , w h i l e  Knowles (1941)  
e s t i m a t e s  a  l a r v a l  l i f e  o f  f o u r  to  f i v e  y e a r s  f o r  t h e  
same t y p e . Iv a n o v a -B e rg  (1951)  came to  t h e  c o n c l u s i o n  
t h a t  l a r v a l  l i f e  l a s t s  f i v e  y e a r s .  H a r d i s t y  (1951)  r e ­
a s s e s s e d  h i s  work, u s i n g  l a r g e r  sam p les ,  and r e a c h e d  t h e  
c o n c l u s i o n  t h a t  th e  t o t a l  l i f e  span ,  i n c l u d i n g  a d u l th o o d ,  
o f  L. p l a n e r i  l a s t s  f o r  n o t  more t h a n  s i x  y e a r s ,  and t h a t  
t h e  ammocoete s t a g e  p r o b a b ly  l a s t s  f o r  j u s t  o v e r  f i v e  
y e a r s .  He a v e r s  t h a t  t h e r e  i s  some v a r i a t i o n  i n  t h e  l e n g t h  
o f  l a r v a l  l i f e  a c c o r d in g  to s t r e a m  c o n d i t i o n s  from one 
y e a r  to t h e  n e x t ,  s u b s t r a t e  t y p e ,  e t c .  T h is  c l a im  i s  su b -  
: j e c t e d  to  e x p e r i m e n ta l  a n a l y s i s  l a t e r  on i n  t h i s  p a p e r .
-  52  -
S in c e  a t  t h e  t im e  t h a t  t h e s e  e x p e r im e n t s  were 
c a r r i e d  o u t ,  no method o f  c l a s s i f y i n g  B r i t i s h  ammocoetes 
had  been d ev e lo p e d ,  i t  seems r e a s o n a b l e  to  c o n c lu d e  t h a t  
p e r h a p s  one o r  more o f  t h e  i n v e s t i g a t o r s  c o n c e rn e d  had 
t a k e n  mixed sa r ip le s  o f  ammocoetes, t h e r e b y  c o n f u s i n g  s i z e  
c l a s s  a n a l y s i s .
I n  t h e  l i g h t ,  t h e n ,  o f  t h e s e  c o n s i d e r a t i o n s ,  and 
i n  v iew  o f  t h e  f a c t  t h a t  a  sys tem  f o r  s e l e c t i v e l y  i d e n t i -  
; f y i n g  s p e c i e s  o f  ammocoetes h a s  now been  d e v e lo p e d  
(Pp .  34) i t  v;as th o u g h t  a d v i s a b l e  to  make f u r t h e r  e s t i -  
; m a tes  o f  r a t e s  o f  l i n e a r  g row th  i n  ammocoetes by t h e  
sam p l in g  m ethods  employed by p r e v io u s  i n v e s t i g a t o r s ,  and 
i n c l u d i n g  a l l  t h r e e  s p e c i e s  i n  th e  s u rv e y ,  b e f o r e  c a r r y i n g  
o u t  l a b o r a t o r y  e x p e r im e n ts  on g row th  u n d e r  c o n t r o l  con-  
: d i t i o n s . As a p r e l i m i n a r y  to  such  an a n a l y s i s  s e a r c h  
was c o n d u c te d  i n  v a r i o u s  r i v e r s  to  o b t a i n  p u re  sam ples  o f  
each  s p e c i e s .  A l th o ug h  t h e  m ethods o f  i d e n t i f y i n g  l a r v a l  
lam p rey s  a r e  q u i t e  d ep en d ab le  f o r  l a r g e r  sp ec im en s ,  t h e y  
a r e  n o t  such  s a t i s f a c t o r y  c r i t e r i a  when d e a l i n g  w i t h  sm a l l  
ammocoetes. T h e r e f o r e ,  a l l  mixed sam ples  were r e j e c t e d .
F i n a l l y  t h r e e  p u re  sam ples  o f  each  s p e c i e s  were 
o b t a i n e d ,  each  sample b e i n g  t a k e n  a t  a  d i f f e r e n t  t im e  o f  
y e a r .  A l l  ammocoetes t h u s  t a k e n  v/ere p r e s e r v e d  i n  4^
-  53  -
f o r m a l i n  s o l u t i o n  on t h e  s p o t .  L a t e r  t h e y  were t r a n s -  
: f e r r e d  to  70^ p r e s e r v i n g  cfLcohol, M easurem ents  were  
alv/ays talc en w i t h i n  a day o f  c a p t u r e .  E very  ammocoete 
m easu red  was a l s o  v/eighed and m easu rem en ts  were t a k e n  o f  
c e r t a i n  s e c t i o n s  o f  t h e  body. These l a t t e r  two f a c t o r s  
w i l l  be d i s c u s s e d  l a t e r .
A lso ,  i n  s am p l in g ,  c a r e  v/as talc en to  c o l l e c t  
ammocoetes s y s t e m a t i c a l l y  a c r o s s  t h e  r i v e r  o r  s t r e a m  con-  
: c e rn e d ,  as  t h e  a u t h o r  had  r e a s o n  to  b e l i e v e  t h a t  c e r t a i n  
a g e -g ro u p s  o f  ammocoetes f a v o u r  d i f f e r e n t  d e p th s  o f  w a t e r  
and t y p e s  o f  s u b s t r a t e  (MacDonald 1956) .
L am petra  p l a n e r i ;
A l l  t h r e e  sam ples  o f  L. p l a n e r i  ammocoetes v/ere 
t a k e n  from t h e  F i e l d  S t a t i o n  B u m .  I t  was t h o u g h t  a t  t h e  
t im e  t h a t  t h i s  a n a l j r s i s  was begun t h a t  such  a s o u r c e  would 
be s u r e  to  y i e l d  o n ly  Brook Lamprey l a r v a e  b e c a u se  t h e  
s h a l lo w n e s s  o f  t h e  s t r e a m  i s  such  t h a t  one would suppose  
t h a t  l a r g e r  l a m p re y s  c o u ld  n o t  e n t e r  from Loch Lomond. 
A lso ,  s i n c e  i t  i s  so c o n v e n ie n t  to  th e  U n i v e r s i t y  F i e l d  
S t a t i o n ,  spav/ning Brook Lampreys and no o t h e r  s p e c i e s  o f  
l a m p re y s  had  been  o b s e rv e d  i n  i t  many t i m e s .  As e v e n t s  
t u r n e d  o u t ,  i t  was l a t e r  d i s c o v e r e d  t h a t  R i v e r  Lampreys
-  54 -
a sc e n d  t h i s  b u rn  a t  n i g h t  d u r in g  t h e  s p r i n g  spawning  n a n s .  
However, t h e  ammocoete key  was s u f f i c i e n t l y  d e v e lo p e d  by 
t h i s  t im e  to  a s c e r t a i n  w hich  l a r v a e  were t h o s e  o f  
L . p i  ane r i , and w hich  v/ere t h o s e  o f  L. f l u v i  a t i l i s . The 
f i g u r e  i n  p a r e n t h e s i s  i n d i c a t e s  t h e  number o f  sp ec im en s  o f  
t h a t  p a r t i c u l a r  s i z e  c l a s s  t a k e n .
Sample A; Taken by d re d g in g  on December 3, 1957.
36, 37, 38, 41, 67, 118, 129, 130, 133, 134,
135, 139, 14D(2), 141, 143, l/pS, 149, 1 52, 1 53,
170, 171, 173. ]k)t2Ll: 23.
The t h r e e  l a r g e s t  were i n  ad v an ced  s t a g e s  o f  
m e tam o rp h o s is ,  t h e  l a t e r a l  eyes  b e i n g  open £ind " t e e t h "  
h a v in g  been  form ed i n  t h e  o r a l  c a v i t y .  However, t h e  
s u c k in g  d i s c  was n o t  s u f f i c i e n t l y  d e v e lo p e d  f o r  t h e  ammo- 
: c o e t e s  to  a n c h o r  th e m s e lv e s  w i th  i t .
Sample B; Taken by e l e c t r i c  s h o c k e r  and by d r e d g in g  on
F e b r u a r y  19, 1958.
:54, 35, 36, 37, 71, 72, 75, 76 ,  77, 713, 79,
80, 81, i 18, 119, 120, 122, 123, 136, 137, 141,
142, 143, 144, 147, 151, 152, 153, 154, 156,
158, 159, U a t  U S t
-  5 5  -
The t o t a l  n im ber  o f  ammocoetes t a k e n  was 34, and 
two o f  them (1 48  and 149  m i l l i m e t r e s  lo n g  r e s p e c t i v e l y )  
had  co m p le ted  m etam orphosis  i n  t h a t  t h e y  had d ev e lo p e d  a 
f u n c t i o n a l  s u c k e r ,  and as w e l l  were armed w i t h  th e  p r o p e r  
compl:|.ment o f  " t e e t h "  and had b o th  l a t e r a l  eyes  open. 
Hov/ever, t h e y  were s t i l l  burrowed i n  th e  mud, i n d i c a t i n g  
t h a t  t h e y  were n o t  q u i t e  r e a d y  f o r  a d u l t  l i f e .
Sample G; Taken by e l e c t r i c  s h o c k e r  and by d re d g in g  
J u l y  30, 1958.
1 5 ( 5 ) ,  1 6 ( 3 ) ,  1 7 ( 2 ) ,  1 8 ( 6 ) ,  1 9 ( 4 ) ,  2 0 , 2 1 , 53, 
5)7, 64, 67, 74, 7 8 , 80, 631(2), 1 0 1 ( 2 ) ,  1 0 3 ( 4 ) ,  
116, 118, 1 2 0 , 125, 128, 129, 1 3 2 , 1 3 6 , 140,
168. T o t a l :  50 ammocoetes.
The l a r g e s t  specim en had  p a r t l y  opened l a t e r a l  
e y e s ,  i n d i c a t i n g  t h a t  m etam orphos is  had commenced.
.Analysis  o f  any o f  t h e s e  sam ples  shows t h a t  
t h e y  f a l l  i n t o  f i v e  w e l l  d e f in e d  s i z e  c l a s s e s ,  w i t h o u t  
o v e r l a p .  The d a t a  a r e  shown i n  t h i s  form i n  Table  V I I I .  
The sam ples  a r e  l i s t e d  i n  o r d e r  o f  t h e i r  o c c u r r e n c e  a f t e r  
s p r i n g  spawning, n o t  i n  th e  c h r o n o l o g i c a l  o r d e r  i n  which 
th e y  were t a k e n .  T h is  was done i n  o r d e r  to  f a c i l i t a t e
i n t e r p r e t a t i o n  o f  th e  d a t a .
-  56 -
TABLE V I I I  -  SIZE CLASSES DERIVED EROM THREE SAi'âPLESOP AMMOCO.ETES OF‘ L. p l a n e r i .
Sample Date Taken
S iz eG la s s Range i n  Leng th  (mm) Average L eng th  (mm) NumberSpecime
C J i i l  30//58 1 15 -  21 1 7 .5 23
2 50 -  81 69 .1 11
3 101 - 1 0 3 1 0 2 .3 6
4 116 -140 1 2 5 . 3 9
5 168 — 1 6 8 .0 1
50
A Dec 3/5 7 1 36 -  41 3 8 .0 4
2 67 - 6 7 .0 1
3 118 - 1 1 8 .0 1
4 129 -153 1 40 ,4 14
5 170 -173 1 7 1 . 3 3
23
B Peb 1 9 / 5 8 1 34 -  37 35 .5 4
2 71 -  81 7 9 . 6 9
3 118 - 1 2 3 1 2 0 .4 5
4 136 - 1 5 9 148 .1 14
5 148 -149 1 4 8 .5 2
34
-  57 -
C o n s i d e r i n g  Sample A o f  T ab le  V I I I ,  s i n c e  i t  h a s  
been  d e m o n s t r a t e d  t h a t  Brook Lampreys spawn a b o u t  A p r i l ,  
i t  i s  f a i r  to  assume t h a t  t h e  ammocoetes o f  S i z e  C l a s s  1 
h a t c h e d  a  m a t t e r  o f  t h r e e  o r  f o u r  months p r e v i o u s l y ,  t h a t  
S iz e  C la s s  2 ammocoetes were a y e a r  o l d e r .  S i z e  C l a s s  3 
ammocoetes 2 y e a r s  o l d e r ,  e t c .  The one ammocoete c o n s t i -  
: t u t i n g  S iz e  C la s s  5 was t h u s  p ro b a b ly  4 y e a r s  o l d e r  t h a n  
th e  S iz e  C la s s  1 ammocoetes, and so c o u ld  be c o n s i d e r e d  
to  be i n  i t s  f i f t h  y e a r  o f  l a r v a l  l i f e .
T h is ,  t h e n ,  would i n d i c a t e  t h a t  t h e  l a n v a l  l i f e  
o f  L. p l a n e r i  l a s t s  o v e r  f o u r  y e a r s  and l e s s  t h a n  5 y e a r s .  
C o n s i d e r a t i o n  o f  Sample B l e n d s  s t r e n g t h  to  t h i s  v iew , 
b ec au se  i n  th e  f o u r  month i n t e r i m  s e p a r a t i n g  i t  from 
Sample A, th e  ammocoetes o f  S iz e  C la s s  1 would have  had  
t im e to  grov; an a v e ra g e  o f  2 0 . 5  m i l l i m e t r e s  i n  l e n g t h  
( f rom  1 7 . 5  mm. to  3 6 . 0  mm.), and so on t h r o u g h  t h e  o t h e r  
s i z e  c l a s s e s .
C om parison  o f  Samples B and C g i v e s  t h e  im p re s -  
: S io n  t h a t  l i t t l e ,  i f  any l i n e a r  grov/th t a k e s  p la c e  i n  
l a r v a e  o f  L. p la n e r i  d u r in g  t h e  months o f  December,
J a n u a r y  and F e b r u a r y .  T h is  h y p o t h e s i s  i s  examined more 
c r i t i c a l l y  u n d e r  l a b o r a t o r y  c o n d i t i o n s  e l s e w h e re  i n  t h i s  
p a p e r  ( s e e  Pg. 6 8 ) .  In  c o n s i d e r i n g  Sample C a lo n e ,  i t
-  58 -
i s  s e e n  t h a t  two o f  t h e  ammocoetes h ad  m etam orphosed,  b u t
had  n o t  y e t  d i s c a r d e d  t h e  b u r ro w in g  h a b i t .  Both o f  t h e s e  
ammocoetes a r e  s m a l l e r ,  on t h e  a v e ra g e ,  t h a n  S iz e  C l a s s  5 
ammocoetes o f  Sample B, and even  o f  Sample A.
I t  h a s  been  knov/n f o r  some t im e  t h a t  new ly  
m etam orphosed  Brook Lamprey a r e  somewhat s m a l l e r  t h a n  
c e r t a i n  b i g g e r  anm ocoetes  o f  t h e  same s p e c i e s .  V ladykov 
( 1 9 4 9 ) g i v e s  t h e  a v e ra g e  l e n g t h  o f  new ly  metam orphosed 
Brook Lamprey a s  b e in g  143 .0  m i l l i m e t r e s  f o r  f e m a le s ,  and 
138 .5  m i l l i m e t r e s  f o r  m a le s .  Both o f  t h e s e  f i g u r e s  a r e ,  
o f  c o u r s e ,  mean v a l u e s .
The p r e s e n t  a u t h o r  h a s  found  t h a t ,  i n  a  sample 
i n  w hich  b o th  s e x e s  were i n c l u d e d  w i t h o u t  d i s t i n c t i o n ,  
t h e  a v e ra g e  l e n g t h  o f  L. p l a n e r i  a d u l t s  i n  d i f f e r e n t  
s t a g e s  o f  s e x u a l  m a t u r i t y  i s  144 .7  m i l l i m e t r e s .  I t  h a s  
been  h y p o t h e s i z e d  by s e v e r a l  i n v e s t i g a t o r s  ( H a r d i s t y  
1941, S c h u l t z  1930, e t c . )  t h a t  Brook Lamprey do n o t  f e e d  
d u r i n g  m e tam o rp h o s is  and a d u l t  l i f e .  I f  t h i s  i s  t h e  c a s e ,  
i t  seems r e a s o n a b l e  to  assume t h a t  some s h r in k a g e  t a k e s  
p l a c e  d u r i n g  t h i s  p e r i o d  o f  s t a r v a t i o n .
-  59  -
Lampetr a  f l u v i a t i l i s  :
The t h r e e  p u re  sam ples  o f  R i v e r  Lamprey ammo- 
: c o e t e s  were  t a k e n  from t h e  P r u i n  R i v e r ,  and, as  was t h e  
c a s e  ' W i t h  L. p l a n e r i  l a r v a e ,  t h e  f i r s t  sample was c o l l e c t e d  
by means o f  d redge  n e t  a lo n e ,  w h i l e  t h e  o t h e r  two were 
t a k e n  w i t h  t h e  a i d  o f  b o th  e l e c t r i c  s h o c k e r  and d redge  
n e t s  •
Sample A; Taken on November 5, 1957.
2 5 ( 2 ) ,  24, 27, 28, 51, 563, 60, 6 1 ( 4 ) ,  65, (37,
6%3, 8 9 , 128, 129, 1 5 0 , 1 5 2 , 155, 158 , 160, 162, 
i9 5 , 196( 2 ) ,  1 9 8 ( 2 ) .
A t o t a l  o f  29 ammocoetes were ta l i  en .  The f i v e  
l a r g e s t  cuiimeils were i n  t h e  advanced  s t a g e s  o f  metsmor-  
: p h o s i s ,  as  was i n d i c a t e d  by t h e  l a b e r a l  eyes  b e i n g  open,  
" t e e t h  b e i n g  p r e s e n t  i n  t h e  o r a l  c a v i  by, e t c .
Sample B; Taken on F e b ru a ry  25, 1958.
24, 2 5 ( 3 ) ,  27, 2 9 ( 2 ) ,  5 3 (2 ) ,  54, 55, 5 8 ( 2 ) ,
5 9 ( 5 ) ,  8 6 , 1 3 0 , 131, 157, 1 5 8 , 1 6 0 (5 ) ,  1 7 1 ( 2 ) ,  
1 7 2 , 175, 1 7 6 .
Two o f  t h e s e  ammocoetes (130 and 131 m i l l i m e t r e s  
i n  l e n g t h  r e s p e c t i v e l y )  had m etam orphosed ,  b u t  were s t i l l  
burro'wed i n  t h e  mud.
-  60 -
Sample G: Taken on June  20, 1958.
11, 15, 14, 45, 44, 46, 4 7 ( 5 ) ,  48, 51, 5 2 , 54,
55, 5 6 ( 2 ) ,  57, 5 8 , 60, 61, 62, 65, 6 7 ( 5 ) ,  6 9 ,
80 ,  632, 85, 634(5), 8 5 , 637(5), 115, 114 ( 2 ) ,  1 16,
118, 1 19(2 ) ,  i ;20, 149, 1 51, 1 5 2 ( 2 ) ,  155, 157, 
1 5 8 (5 ) ,  185, 186, 188.
A l l  o f  t h e s e  sa jap les ,  e x c e p t  t h e  seco n d  (B ) ,  
f e l l  w i t h o u t  o v e r l a p  i n t o  s e v e r a l  w e l l  d e f i n e d  s i z e  c l a s s e s .  
I n  Sample B, t h e  two m etam orphosed ammocoetes were r e g a r d e d  
as  c o n s t i t u t i n g  a  s e p a r a t e  s i z e  c l a s s ,  r e p r e s e n t i n g  t h e  
f i n a l  y e a r  o f  l a r v a l  l i f e .
The d a t a  p r e s e n t e d  i n  Tab le  IX, where t h e  
sam ples  a r e  l i s t e d  i n  o r d e r  o f  t h e i r  o c c u r r e n c e  a f t e r  
s p r i n g  spav/ning r a t h e r  t h a n  i n  t h e  t r u e  o r d e r  i n  v/hich 
t h e y  were t a k e n .
Prom T ab le  IX, i t  i s  s e e n  t h a t  S iz e  C la s s  1 
ammocoetes o f  Sample A p r o b a b ly  h a t c h e d  e a r l i e r  i n  t h e  
same summer. S iz e  C la s s  2 ammocoetes can  t h e n  be con-  
; s i d e r e d  a  y e a r  o l d e r ,  and so f o r t h .  By November 5 t h . , 
assum ing  no s i g n i f i c a n t  d i f f e r e n c e  i n  r a t e  o f  grov/th b e -  
: tv/een t h e  summers o f  1958  and 1 9 5 7 , an a v e ra g e  o f  1 5 . 5  
m i l l i m e t r e s  i n c r e a s e  i n  l e n g t h  ha,s t a k e n  p l a c e  i n  S iz e  
C la s s  1 ammocoetes, and so on down th e  l i n e .
— 6-L —
TABLE IX - SIZE CLASSES DERIVED PROM THREE SAMPLESOP AiaiOCOETES OP L. f l u v i a t i l i s .
Sample Date  Taken
S iz e
C la s s
RangeL eng th i n(mm) AverageL en g th  (mm) Number o f  Specim ens
C Ju n  2 0 /5 8 1 1 1 - 14 12.7 5
2 45 - 69 56.4 25
5 80 - 87 8 4 .5 10
4 115 — 120 116.6 8
5 149 - 158 154.2 9
6 185 — 188 186.5 5
58
A Nov 5 /57 1 25 - 51 2 6 .0 6
2 58 - 65 6 1 .0 7
5 87 - 89 8 8 . 0 5
4 128 - 155 150.4 5
5 1 58 - 162 160.0 5
6 195 — 198 196.5 5
29
B Peb 23 /5 8 1 24 - 29 2 6 .5 7
2 55 - 59 56.9 11
5 86 - 8 6 .0 1
4 1 57 - 160 159.5 7
5 171 — 176 175.0 5
6 150 - 151 150.5 2
55
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A gain ,  by com paring  Samples B and C, one comes 
to  t h e  c o n c l u s i o n  t h a t  no s i g n i f i c a n t  g row th  o c c u r s  i n  
la m p rey  l a r v a e  d u r in g  t h e  v / i n t e r  m on ths ,  and i n  S iz e  
G la s s  6 o f  Sample C ( e . g .  t h o s e  ammocoetes w hich  had 
m etam orphosed)  a  s i g n i f i c a n t  d e c r e a s e  i n  body l e n g t h  
( from an a v e ra g e  o f  1 9 6 . 5  to  an a v e ra g e  o f  1 7 2 . 6  m i l l i -  
r m e t r e s )  i s  e v i d e n t .
Prom t h i s  d a t a ,  t h e n ,  one must a r r i v e  a t  t h e  
c o n c l u s i o n  t h a t  t h e  l a r v a l  l i f e  o f  L am pe tra  f l u v i a t i l i s  
l a s t s  f o r  s l i g h t l y  l e s s  t h a n  s i x  y e a r s .
Pe trom yzon m a r i n u s ;
Ammocoetes o f  Sea Lamprey were f a r  more s c a r c e  
i n  t h e  a r e a s  s e a r c h e d  by th e  p r e s e n t  a u t h o r  t h a n  were 
l a r v a e  o f  e i t h e r  o f  t h e  o t h e r  tv;o s p e c i e s .  P i n a l l y ,  
how ever ,  t h r e e  p u re  sam ples  were o b t a i n e d ,  a l l  h a v in g  
been  taicen from t h e  I n l e r  B um  ( s e e  Pp. 1 8 ) .  The f i r s t  
sample was c o l l e c t e d  w i t h  t h e  hand d redge  n e t ,  w h i l e  i n  
ta lc in g  t h e  s u b s e q u e n t  two sam p les ,  t h e  e l e c t r i c  s h o c k e r  
was a l s o  employed.
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Sample A: Taken on December 1, 1957.
34, 3 5 ( 4 ) ,  3 6 , 3 8 , 44, 47, 4 8 ( 2 ) ,  50, 85, 91, 
97, 1 4 2 , 1 4 6 , 147, 186, 191, 194 ( 2 ) ,  195, 235, 
242, 248, 251, 223* 228^ 231^2) ,  232^ 258*
239. T o ta l :  34 ammocoetes .
Seven ammocoe t e s  i n  t h i s  sample had co m p le ted  
m e tam o rp h o s is ,  nam ely  t h o s e  d e s i g n a t e d  w i t h  a s t e r i s k s .
A l l  o f  t h e s e  sev en  were i n  p o s s e s s i o n  o f  " t e e t h " , w e l l  
d e v e lo p e d  l a t e r a l  ey e s ,  and f u n c t i o n a l  s u c k in g  d i s c s .
The t y p i c a l  ammocoete c o l o u r  had  been  r e p l a c e d  on two o f  
them (228 and 239  m i l l i m e t r e s  i n  l e n g t h )  by t h e  b l a c k  
d o r s a l  s u r f a c e  and s i l v e r y  v e n t r a l  s u r f a c e  o f  th e  a d u l t  
lam prey .  However, t h e y  were s t i l l  burrow ed .
Sample B: Taken on March 15> 1938.
4 0 ( 3 ) ,  41, 4 2 ( 2 ) ,  43, 9 0 , 9 1 , 9 2 , 93, 93, 1 4 8 , 
149, 190, 192, 193, 1 9 4 (2 ) ,  244, 246. T o t a l :
23 sp ec im en s .
Sample G: Taken on August  2, 1938.
23, 28, 3 0 , 3 8 , 6 8 , 70, 71, 73, 83, 1 1 2 , 119,
122, 123, 130, 141, 142, 146, 130, 133, 197,
202, 230, 233, 260. T o t a l :  23 ammocoetes.
— o4 ~
The t h r e e  l a r g e s t  ammocoetes i n  t h i s  l a s t  sample 
were commencing m etam orphos is ,  as  was m a n i f e s t e d  by p a r t l y  
opened l a t e r a l  ey e s .
Prom t h e  p o i n t  o f  view o f  a n a l y s i s ,  t h i s  d a t a  
i s  r a t h e r  more vague bhan t h a t  which v/as o b t a i n e d  from 
sam ples  o f  R iv e r  and Brook Lamprey ammocoetes. I n  T ab le  
X, t h e  d a t a  i s  p r e s e n t e d  i n  th e  u s u a l  form.
In  Sample A (December 1, 1957) th e  sev en  m eta -  
:m orphosing  ammocoetes sh o u ld  be c o n s i d e r e d  as a  s e p a r a t e  
S iz e  C la s s .  Sample B i s  s t r a i g h t f o n . v a r d  enough, i n d i c a t i n g  
t h a t  Sea  Lampreys have a l a r v a l  l i f e  o f  between f i v e  and 
s i x  y e a r s .  During  th e  f i v e  month gap between Sample C 
and Sample A (a ssu m in g  a g a in  t h a t  r a t e s  o f  grow th  i n  ammo- 
; CO e t  es  a re  r o u g h ly  th e  same each  s im m er) , c o n s i d e r a b l e  
gro'Wth a p p a r e n t l y  t a k e s  p l a c e ,  ex c ep t  i n  S iz e  C la s s  6 
a n im a l s ,  which seem to  s u f f e r  a  s i g n i f i c a n t  d e c r e a s e  i n  
l e n g t h ,  i f  th e se  sam ples  a r e  t a k e n  as r e p r e s e n t a t i v e .
S in c e  t h e s e  ammocoetes were rJ .ready m etam orphosing ,  i t  i s  
p r o b a b ly  s a f e  to  a s s o c i a t e  t h i s  s h r in k a g e  w i th  t h e  e f f e c t s  
o f  s t a r v a t i o n ,  as  m etam orphosing  ammocoetes do n o t  f e e d .
In  t h i s  c o n n e c t io n  i t  i s  i n t e r e s t i n g  to  n o te  
t h a t  i n  ammocoetes o f  L. p l a n e r i  and L. f l u v i a t i l i s  
m etam orphos is  coiniaences i n  e a r l y  Autumn and i s  n o t
-  65 -
TABLE X - SIZE CLASSES DERIVED PROM THREE SAMPLES OP AMTiOGOETES OP P .  m a r in u s .
Sample B a te  Taken S iz eC l a s s RangeL eng th i n(mm) Average L en g th  (mm) Numbe:Speci]
C Aug 2 /5 8 1 23 - 38 13.3 4
2 68  - 83 7 3 .4 3
3 1 1 2 - 130 121 . 6 3
4 141 - 133 146 .8 3
5 197 - 202 199.3 2
6 230 - 260 2 34 .3 3
23
A Dec 1 /5 7 1 34 - 30 4 0 .4 12
2 83 - 87 91 . 0 3
3 142 - 147 143 .0 3
4 186 - 193 1 9 2 . 0 3
5 233 - 231 2 4 4 .0 4
6 223 - 239 231 .7 7
34
B Mar 15/28 1 40 - 43 4 0 .9 9
2 90 - 93 9 2 . 2 3
3 148 - 149 148.3 2
4 190 - 194 1 9 2 . 6 3
5 244 - 246 2 4 3 .0 2
23
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c o m p le te d  u n t i l  abou t  F e b ru a ry  o f  t h e  s u c c e e d in g  y e a r .
I n  P. m a r in u s  l a r v a e ,  a l t h o u g h  m e tam o rp h o s is  b e g i n s  a t  
a p p r o x im a t e l y  th e  same t im e  o f  y e a r  as  i t  does  i n  th e  
o t h e r  two s p e c i e s ,  i t  i s  a c c o m p l i sh e d  c o n s i d e r a b l y  more 
q_uickly, t h e  newly  t r a n s f o r m e d  a d u l t s  a p p e a r i n g  i n  mid- 
W in te r .  T h is  i s  b o m  o u t  i n  Sample C, i n  w h ich  o n ly  f i v e  
S iz e  C l a s s e s  can  be s e g r e g a t e d ,  t h e  a s s u m p t io n  b e i n g  t h a t  
d u r i n g  th e  p r e c e d i n g  W in te r  t h e  ammocoetes o f  S i z e  C la s s  
6 c o m p le te d  t h e i r  m e tam o rp h os is  and l e f t  t h e  s t r e a m s  as 
aduJLt l a m p r e y s .
B e fo re  any h a r d  and f a s t  c o n c l u s i o n s  c o u ld  be 
dravm from t h e s e  e s t i m a t e s  o f  r a t e s  o f  g row th  i n  ammocoetes, 
ammocoetes had  to  be r e a r e d  u n d e r  c o n t r o l  c o n d i t i o n s  i n  
t h e  l a b o r a t o r y  i n  o r d e r  to  v e r i f y  t h e  f i e l d  d a t a .  However, 
even  v ; i th  t h i s  t e n t a t i v e  i n f o r m a t i o n  as  i t  s t a n d s ,  s e v e r a l  
p o s s i b l e  c o n c l u s i o n s  m igh t  be s u g g e s t e d .
F i r s t l y ,  a l t h o u g h  L. f l u v i a t 11i s  a p p e a r s  to  r e -  
:m ain  i n  t h e  l a r v a l  s t a t e  f o r  a  y e a r  l o n g e r  t h a n  does 
L. p l a n e r i , t h e  r e s p e c t i v e  a v e ra g e  l e n g t h s  o f  t h e s e  two 
s p e c i e s  d u r in g  m etam orphos is  a r e  n o t  so d i f f e r e n t  a s  one 
m ig h t  be l e d  to  su p p o se .  Thus t h e  c u r r e n t l y  popiuLar 
p r a c t i s e  o f  a b te m p t in g  to  d e te rm in e  t h e  s p e c i e s  o f  m eta -  
;m o rp h o s in g  ammocoetes by r e f e r e n c e  to  t h e i r  r e l a t i v e
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s i z e s  i s  n o t  a c c u r a t e  when t h e s e  two s p e c i e s  a r e  con-  
: c e r n e d .  M etam orphosing  Sea Lamprey ammocoetes,  on t h e  
o t h e r  hand ,  a r e  s i g n i f i c a n t l y  l a r g e r  t h a n  a r e  ammocoetes 
o f  t h e  o t h e r  two s p e c i e s  ab a  s i m i l a r  s t a g e  o f  d e v e lo p -  
: m e n t .
S e c o n d ly ,  i t  seems r e a s o n a b l e  t o  c o n c lu d e  from 
t h e  d a t a  o b t a i n e d  t h a t  ammocoetes o f  a l l  t h r e e  s p e c i e s  
do n o t  un derg o  im p o r t a n t  i n c r e a s e  i n  l e n g t h  d u r i n g  th e  
w i n t e r  m o n th s . T h is  i s  p r o b a b ly  a s s o c i a t e d  w i t h  a  de-  
: c r e a s e  i n  f e e d i n g  d u r i n g  c o l d  w e a th e r .
-  6 8
LABORATORY EXPERIMENTS ON RATES OF GROWTH;
In  A p r i l  1958, 10 ammocoetes o f  each  s i z e  c l a s s  
o f  each  s p e c i e s  ( e x c e p t  S iz e  G la ss  1 a n im a l s ,  e . g .  t h o s e  
spav/ned i n  th e  s p r i n g  o f  1 9 5 8 ) were p l a c e d  i n  a c q u a r i a  
p r o v id e d  w i th  ru n n in g  w a t e r  and s e v e r a l  i n c h e s  o f  s o f t  
mud. On th e  f i r s t  day o f  each  o f  t h i r t e e n  e n s u in g  m onths 
t h e  l e n g t h  o f  e v e ry  one o f  t h e s e  spec im ens  v/as r e c o r d e d .
Ammocoetes were m easured  by p l a c i n g  them i n  
t e s t - t u b e s  f i l l e d  w i t h  'water  and s l i d i n g  narrov/ r u l e r s  i n  
b e s i d e  them. T h is  was an i d e a l  method b e c a u s e  t h e  narrowr- 
: n e s s  o f  t h e  t u b e s  p r e v e n t e d  t h e  ammocoetes from b e n d in g  
i n t o  lo o p s  and th e  r u l e r s  g e n t l y  p r e s s e d  a g a i n s t  t h e  
spec im ens  re d u ced  t h e i r  w r i g g l i n g  movements to  a minimum 
so t h a t  a c c u r a t e  r e a d i n g s  ( Î 1 m i l l i m e t r e )  c o u ld  be t a k e n .
Length  m easurem ents  o f  each  s i z e  c l a s s  o f  each  
s p e c i e s  were av e ra g e d  m o n th ly .  Decimal v a l u e s  were 
e l i m i n a t e d  by r a i s i n g  t h e  f i n a l  i n t e g e r  by u n i t y  i f  t h e  
dec im al  v/as i n  e x c e s s  o f  0 . 5  and l i lc e w is e  i g n o r i n g  th e  
d ec im a l  a l t o g e t h e r  i f  i t  was l e s s  t h a n  0 . 5 .  T h is  was done 
b ecau se  th e  r e a d i n g s  were t a k e n  on a  ±1 m i l l i m e t r e  l e v e l  
anyway, so t h a t  dec im al  v a l u e s  c o u ld  c e r t a i n l y  n o t  be 
c o n s i d e r e d  s i g n i f i c a n t .
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During th e  c o u r se  o f  t h i s  t e s t  3 S i z e  C la s s  4 
a n im a ls  (1 L. f l u v i a t 11i s  and 3 L. p l a n e r i ) ,  as  w e l l  as  
2 S iz e  C la s s  5 ammocoetes ( L. p l a n e r i ) d ie d .
O r i g i n a l l y  i t  had  been p la n n e d  to  m easure  r a t e s  
o f  l i n e a r  g rowth  i n  ammocoetes o f  S iz e  C la s s  1 i n  th e  
same f a s h i o n .  However, 'when th e  f i r s t  spec im ens  o f  t h i s  
s i z e  l e v e l  were removed from th e  t a n k  i n  which t h e y  were 
spav/ned i t  was found t h a t  t h e i r  sm al l  s i z e  and ex trem e 
a c t i v i t y  r e n d e re d  a n y th in g  a jpprcaching  a c c u r a t e  m easu re -  
rment i m p o s s ib l e .  T h e r e f o r e ,  i n s t e a d  o f  a t t e m p t i n g  l i v e  
m easurem ents ,  3 o f  t h e s e  ammocoetes were removed m onth ly  
from th e  spawning t a n k  and were k i l l e d  by c o n t a c t  'with 
fo rm a l i 'n  b e f o re  measurem ents  were t a k e n .  I n  t h i s  way no 
s i n g l e  S iz e  C la s s  1 ammocoete was e v e r  m easured  tw ic e ,  
and a l s o  dependence was p la c e d  on r a t h e r  sm a l l  s a n p l e s .
Thus th e  d a t a  o b t a i n e d  f o r  f i r s t  y e a r  amraocoetes i s  o n ly  
s l i g h t l y  more r e l e v a n t  t h a n  t h a t  d e r iv e d  from t h e  f i e l d  
sam p l ing  methods o f  e s t i m a t i n g  g row th .
R e s u l t s  o f  t h i s  e x p e r im e n t  a r e  shown i n  T a b le s  
XI -  X I I I  and g r a p h i c a l l y  i n  P i g s .  10 -  15. The f i r s t  note- 
; w or thy  f a c t  i n d i c a t e d  by t h e s e  d a t a  a r e  t h a t  t h e  e s t i m a t e s  
o f  s i z e  c l a s s e s  i n  th e  f i e l d  must have been f a i r l y  
a c c u r a t e ,  b ecau se  a f t e r  a  year* s g rowth  u n d e r  l a b o r a t o r y
L■H?■
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F i g .  10: Graph showing t h e  r a t e  o f  i n c r e a s e  i n  bodyl e n g t h  o f  a im o c o e te s  o f  L. p l a n e r i , L. f l u v i a t i l i s  

















F i g .  11: Graph showing t h e  r a t e  o f  i n c r e a s e  i n  bodyl e n g t h  o f  anm ocoetes  o f  L. p l a n e r i , L. f l u v i a t i l i s  and P. m a r in u s  d u r i n g  t h e i r  second  y e a r  o f  l i f e ,  
p l o t t e d  a g a i n s t  f l u c t u a t i o n s  i n  t h e  t e m p e r a t u r e  
o f  t h e  w a t e r  i n  w hich  t h e y  were k e p t .
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F i g .  12: Graph showing t h e  r a t e  o f  i n c r e a s e  i n  body
l e n g t h  o f  ammocoetes o f  L. p l a n e r i , L. f l u v i a t i l i s  
and P . m a r in u s  d u r i n g  t h e i r  t h i r d  y e a r  o f  l i f e ,  
p l o t t e d  a g a i n s t  f l u c t u a t i o n s  i n  t h e  t e m p e r a t u r e  
o f  t h e  w a t e r  i n  v/hich t h e y  were  k e p t .
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F i g .  13: Graph showing t h e  r a t e  o f  i n c r e a s e  i n  body ^l e n g t h  o f  ammocoetes o f  L. p l a n e r i , L . f l i i v i a t i  1 i s  
and P. m a r in u s  d u r i n g  t h e i r  f o u r t h  y e a r  o f  l i f e ,  p l o t t e d  a g a i n s t  f l u c t u a t i o n s  i n  the  t e m p e r a t u r e  
o f  t h e  w a t e r  i n  which  t h e y  were k e p t .
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P ig .  14: Graph showing t h e  r a t e  o f  i n c r e a s e  i n  bodyl e n g t h  o f  ammocoetes o f  L. p l a n e r i , L. f l u v i a t i l i s  and P. m a r in u s  d u r in g  t h e i r  f i f t h  y e a r  o f  l i f e ,  p l o t t e d  a g a i n s t  f l u c t u a t i o n s  i n  t h e  t e m p e r a tu r e  o f  t h e  w a t e r  i n  which  t h e y  were k e p t .  The a r row  i n d i c a t e s  t h e  c o m p le t io n  o f  m e tam o rp h o s is  
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F ig .  15: Graph showing t h e  r a t e  o f  i n c r e a s e  i n  hodyl e n g t h  o f  a  inmocoetes o f  L. f l u v i  a t i l i s  and P . m a r in u s  d u r in g  t h e i r  s i x t h  y e a r  o f  l i f e ,  p l o t t e d  a g a i n s t  f l u c t u a t i o n s  i n  t h e  t e m p é ra ­
i t  u r e  o f  t h e  w a te r  i n  w h ich  t h e y  were k e p t .  The a r row s  i n d i c a t e  t h e  c o m p le t io n  o f  m e ta -  
im o rp h o s i s .
c o n d i t i o n s . t h e  s i z e  c l a s s e s  do n o t  o v e r l a p  s i g n i f i c a n t l y .
The "biggest  o v e r l a p  ( s e e  S i z e  C l a s s  3 ,  month 13: T ah le  X I I ) 
was 9 m i l l i m e t r e s ,  and t h e  "b iggest  d e f i c i t  was 9 m i l l i -  
; m e t r e s  X Table  XU, S iz e  C l a s s  6, month 1 3 ) .  These 
d i f f e r e n c e s  can  be a s c r i b e d  to  t h e  f a c t  t h a t  t h e r e  i s  
p r o b a b ly  a  s l i g h t  v a r i a t i o n  i n  r a t e  o f  g ro w th  i n  t h e s e  
a n im a l s  from y e a r  t o  y e a r  due t o  t e m p e r a t u r e  f l u c t u a t i o n s  
e t c .  which  would o c c u r  u n d e r  n a t u r a l  c o n d i t i o n s .
T h is  means, t h e n ,  t h a t  n o t  o n ly  was t h e  l e n g t h  
o f  l a r v a l  l i f e  o f  t h e s e  t h r e e  s p e c i e s  more t h a n  l i k e l y  
c o r r e c t l y  d e te r m in e d ,  b u t  i s  a l s o  an i n d i c a t i o n  t h a t  
ammocoetes ca n  be k e p t  i n  c a p t i v i t y  i n  t h i s  m anner  w i t h -  
: o u t  g r o s s l y  I n t e r f e r i n g  w i t h  t h e i r  no rm al  r a t e s  o f  d e v e lo p -  
: m e n t •
I n  d e t e r m i n i n g  w h e th e r  o r  n o t  a  c o r r e l a t i o n  
e x i s t e d  be tw een  t e m p e r a t u r e  and r a t e  o f  g ro w th ,  a  c a r e f u l  
r e c o r d  o f  a v e ra g e  d a i l y  w a t e r  t e m p e r a t u r e s  was k e p t .  At 
t h e  end o f  e v e r y  month t h e s e  f i g u r e s  were  a v e r a g e d  so 
t h a t  t e m p e r a t u r e s  shown i n  T a b le s  X I - X I I I  and P i g s .  10-15 
f o r  e v e ry  month a r e  i n  r e a l i t y  t h e  a v e ra g e  t e m p e r a t u r e s  
f o r  t h e  m onths  p r e c e d i n g .  Tha t  i s ,  t h e  ammocoetes were  
m easu red  g e n e r a l l y  a t  t h e  f i f t h  o f  e v e ry  month, w h i l e  t h e  
a v e ra g e  w a t e r  t e m p e r a t u r e  v/as r e c o r d e d  a t  t h e  end o f  e v e ry
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month, t h e  p u rp o se  o f  t h i s  b e in g  to  see  i f  ammocoete s i z e  
a t  t h e  b e g i n n i n g  o f  one month b e a r s  any r e l a t i o n s h i p  to  
t h e  t e m p e r a t u r e s  v/hich i t  had  e n c o im te r e d  t h r o u g h o u t  t h e  
p r e v i o u s  month o f  g row th .
A c u r s o r y  g la n c e  a t  t h e  6 g r a p h s  ( P i g s .  10 -  15) 
s u g g e s t s  t h a t  such a c o r r e l a t i o n  d e f i n i t e l y  e x i s t s .  T h is  
i s  so to  t h e  s u r p r i s i n g  e x t e n t  t h a t ,  e x c e p t  i n  t h e  c a s e s  
o f  S i z e  C l a s s e s  1 and 2 i n  L. f l u v i a t i l i s , ammocoetes 
a c t u a l l y  u ndergo  a d e c r e a s e  i n  body l e n g t h  d u r i n g  th e  
c o l d e r  months  when t h e  w a t e r  t e m p e r a t u r e  i s  d ro p p in g .
As im p l i e d  e a r l i e r ,  t h e  d a t a  o b t a i n e d  u n d e r  
l a b o r a t o r y  c o n d i t i o n s  u p h e ld  t h e  i n f e r e n c e s  dravm from 
r e s u l t s  a c h ie v e d  by s a m p l in g  i n  th e  f i e l d .  L. o l a n e r i  
ammocoetes metamorphose a f t e r  a p p r o x im a t e l y  55 m o n th s .
T h is  m e tam o rp h o s is  commences i n  l a t e  summer ( a b o u t  A ug us t )  
and f i n i s h e s  e a r l y  i n  t h e  s u c c e e d in g  S p r i n g  ( a b o u t  P e b r u a r y ) . 
On t h e  o t h e r  hand, a l t h o u g h  P . m a r in u s  anm ocoe tes  b e g in  
t o  m e ta n o rp h o se  a t  a p p r o x im a te ly  t h e  same t im e  o f  y e a r  
as  L. o l a n e r i  l a r v a e ,  t h e  p r o c e s s  i n  t h e  fo rm e r  i s  
a c c e l e r a t e d  so t h a t  t h e y  a t t a i n  a d u l t h o o d  sometime i n  
m id -W in te r ,  a f t e r  ab o u t  63 months o f  l a r v a l  l i f e .  Ammo- 
: c o e t e s  o f  L. f l u v i a t i l i s  have a l o n g e r  l a r v a l  l i f e  t h a n  
e i t h e r  Brook o r  Sea  Lamprey l a r v a e ,  f o r  m e tam o rp h o s is  i s
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n o t  c o m p le te d  i n  t h i s  s p e c i e s  u n t i l  a b o u t  t h e  6 7 th .  month. 
The p r o c e s s  o f  m e tam o rp h o s is  t a k e s  as  l o n g  i n  R i v e r  
Lamprey l a r v a e  as  i t  does  i n  t h o s e  o f  t h e  Brook Lamprey. 
L ik ew ise  i t  b e g in s  i n  August  o r  t h e r e a b o u t s ,  t e r m i n a t i n g  
i n  a d u l th o o d  sometime i n  P e b r u a r y  o r  March.
I t  w i l l  be remembered t h a t  i n  a n a l y z i n g  t h e  
ammocoetes t a k e n  i n  f i e l d  sam p les ,  some c o n f u s i o n  was 
e n c o u n te r e d  i n  a s s e s s i n g  s i z e  c l a s s e s  (Pp .  54)  due to  t h e  
f a c t  t h a t  c e r t a i n  sp ec im en s ,  w h i l e  a p p e a r i n g  to  be more 
advanced  m o r p h o l o g i c a l l y  t h a n  th e  o t h e r s ,  were n o t  t h e  
l a r g e s t  i n d i v i d u a l s .  I t  w as , o f  c o u r s e ,  f i n a l l y  assumed 
t h a t  t h e  l a r g e s t  ammocoetes 'were n o t  n e c e s s a r i l y  t h e  
o l d e s t ,  and t h a t  a  s h r i n k a g e  must o c c u r  d u r i n g  t h e  l a s t  
months o f  l a r v a l  g ro w th .  The d a t a  d e r i v e d  from t h e  
l a b o r a t o r y  e x p e r im e n t  b e a r s  t h i s  o u t ,  a s  d e m o n s t r a t e d  
g r a p h i c a l l y  i n  P i g s .  10-15. I t  i s  assumed t h a t  t h e  
s h r in k a g e  i s  a s s o c i a t e d  wibh s t a r v a t i o n  d u r i n g  metemor- 
: p h o s i s .
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TABLE XI - RATES OP GROWTH OP L. planeri AIMOCOETESIH LABORATORY.
No. o f  Months 
Growth L a te SC^ SCg SC^ SCc3
M onth ly  Average  W ate r  Temp. (^C)
0 Apr. 5 0 32 83 102 141 11 .0
1 May 5 n s 39 87 11 1 143 12 .0
2 June 5 7 30 92 1 18 131 13 .3
3 J u l y 5 11 63 100 123 136 14 .3
4 Aug. 5 18 77 109 132 163^ 16 .0
5 S e p t . 5 24 81 103 132 170^ 16 .3
6 O c t . 5 23 80 106 130 170^ 1 3 .3
7 Nov. 5 28 77 106 131 170^ 13.3
8 L e e . 5 28 77 106 131 170^ 12.3
9 J a n . 22 23 71 106 128 167^ 11.3
10 Feb. 3 24 74 104 123 153^ 10.3
11 Mar. 3 28 78 103 130 132^^ 10 .0
12 Apr. 3 37 78 109 137 11 .0
"n s"  me ans t h a t th e spec im ens  :a r e  j u s t  d e v e lo p in g  from egg
"x" means t h a t  m e tam o rp h o s is  i s  t a k i n g  p l a c e ,  
"xx" means t h a t  m e tam o rp h o s is  i s  c o m p le te .
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TABLE XU - RATES OF GROWTH IN AMMOCOETES OF L. fluvi at il isIN LABORATORY.
No. o f M onth lyMonthsGrov^th D ate SC^ SC^ SC^ SC^ SC^ SC.D
A verage  W Temp. (
0 Apr. 5 0 40 73 91 131 170 1 1 .0
1 May 5 n s 43 76 103 133 173 1 2 .0
2 Ju n e 5 9 36 84 103 144 189 1 3 . 3
3 J u l y 5 14 62 87 111 134 193 1 4 . 3
4 Aug. 5 22 63 89 120 153 203 16 .0
5 S e p t . 5 24 63 92 127 133 198^ 16 .3
6 O c t . 3 27 63 93 131 157 198^ 1 3 . 3
7 Nov. 3 28 67 92 131 160 I 9 3 X 1 3 . 3
8 D ec . 3 28 67 92 128 160 180^ 1 2 . 3
9 J an. 22 28 67 90 123 133 162^ 1 1 . 3
10 Feb. 5 29 67 86 120 133 131% 1 0 . 3
1 1 Mar. 3 29 67 91 124 138 141^^ 10 .0
12 Apr. 3 33 70 100 128 161 11.0
" n s ” means t h a t  ammocoete i s  j u s t  d e v e lo p in g  from egg, 
"x" means t h a t  m e tam o rp h o s is  i s  t a k i n g  p l a c e .
"xx" means t h a t  m e tam o rp h o s is  i s  c o m p le te .
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TABLE x r n -  RATES OF GROWTH OF P. marinus AIMOCOETESIN LABORATORY.




















Ju n e  3 n s
J u l y  5 3
Aug. 3 13
S e p t .  5 21
O c t .  3 28
Nov. 3 30
Dec. 3 30
J æ i .  22 28
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10 .3  
1 0 . 0  
1 1 .0
"ns"  means t h a t  t h e  spec im en  i s  j u s t  d e v e lo p in g ,  
"x" means t h a t  m e tam o rp h o s is  i s  t a k i n g  p l a c e ,  
"xx" means t h a t  m e tam o rp h o s is  i s  c o m p le te .
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VARIATIONS IN RATE OP LINEAR GROWTH OP L. o l a n e r i  A]\'IMOGOETES;
A l th o u g h  t h e  d a t a  o b t a i n e d  by H a r d i s t y  (1951)  
on L. p l a n e r i  a g r e e  c lo s e ly /  w i th  t h e  a u t h o r ’ s own d a t a  
on t h e  same s p e c i e s  i n  S c o t l a n d ,  t h e r e  e x i s t s  i n  t h e  
l i t e r a t u r e  c o n s i d e r a b l e  d i s a g r e e m e n t  a b o u t  t h e  l e n g t h  o f  
l a r v a l  l i f e  i n  Brook Lam preys.  H a r d i s t y  (1951)  demon- 
: s t r a t e d  t h a t  s l i g h t  v a r i a t i o n s  o c c u r  from one s t r e a m  to  
a n o t h e r .
A f t e r  e s t a b l i s h i n g  t h a t  w a t e r  t e m p e r a t u r e  i s  
i n t i m a t e l y  c o r r e l a t e d  v / i th  r a t e  o f  g ro w th ,  t h e  p r e s e n t  
a u t h o r  w ish ed  to  d e te r m in e  w h e th e r  s i g n i f i c a n t  v a r i a t i o n s  
i n  r a t e s  o f  anmocoete  g ro w th  c o u ld  be a s c r i b e d  to  i m p o r t a n t  
c l i m a t i c  d i f f e r e n c e s ,  e s p e c i a l l y  t e m p e r a t u r e ,  i n  v a r i o u s  
r e g i o n s .
The two most d e p e n d a b le  c o n t r i b u t i o n s  on r a t e s  
o f  g row th  i n  L. p l a n e r i  ammocoetes p r e v i o u s  to  t h e  p r e s e n t  
p a p e r ,  a r e  t h o s e  by S c h u l t z  (1 9 3 0 ) ,  i n  w hich  ammocoetes 
f rom W ash ing ton  S t a t e ,  U .S .A . ,  a r e  d i s c u s s e d ,  and H a r d i s t y  
(1 9 5 1 ) ,  i n  which  ammocoetes from Som erse t  i n  E ng land  a r e  
d i s c u s s e d .  I n  such  i m p o r t a n t  c l i m a t i c  c o n s i d e r a t i o n s  as  
a n n u a l  v a r i a t i o n  i n  t e m p e r a t u r e ,  mean summer and v\rinter
- YY -
t e m p e r a t u r e s ,  and amount o f  r a i n f a l l ,  t h e r e  i s  a  g r e a t  
s i m i l a r i t y  be tw een  E ng land  and V /ashington.
By v;ay o f  c o n t r a s t ,  t h e  p r e s e n t  a u t h o r  c o l l e c t e d  
a sample  o f  L. p l a n e r i  ammocoetes from t h e  N o r th  K n i fe  
R i v e r ,  v^rhich d r a i n s  i n t o  H udson’ s Bay i n  t h e  C an ad ian  
A r c t i c .
A d u l t  L. p l a n e r i  v/ere n o t  o b s e rv e d  to  spawn i n  
t h a t  r i v e r  u n t i l  m id - J u n e .  S c h u l t z  (1 9 3 0 ) ,  w o rk in g  i n  
V/ashington, H a r d i s t y  (1 9 4 4 ) ,  v /ork ing  i n  E ng land ,  and 
MacDonald (1 9 5 9 ) ,  w o rk in g  i n  S c o t l a n d ,  a l l  a g r e e d  t h a t  
L. p l a n e r i  spav/ned i n  each  o f  th e  a r e a s  c o n c e rn e d ,  i n  
t h e  l a t t e r  h a l f  o f  A p r i l  o r  e a r l y  i n  May. These same 
t h r e e  i n v e s t i g a t o r s  a l s o  a g r e e d  on t h e  optimum w a t e r  
t e m p e r a t u r e  f o r  spawning ( i . e .  10 -  12*^0).
When spawning o f  Brook Lamprey was f i r s t  o b s e rv e d  
by t h e  a u t h o r  i n  t h e  N o r th  K n i fe  R i v e r  on Jun e  17, 1959, 
th e  w a t e r  t e m p e r a tu r e  was I I^C .
^T h is  i n f o r m a t i o n  was s u p p l i e d  t h r o u g h  t h e  c o u r t e s y  o f  th e  U .S .  M e t e o r o l o g i c a l  B ureau ,  V /ash ington ,  B .C . ,  by 
p r i v a t e  c o r r e s p o n d e n c e .
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T h is ,  t h e n ,  would i n d i c a t e  r a t h e r  s t r o n g l y ,  
t h a t  w a t e r  t e m p e r a t u r e ,  r a t h e r  t h a n  t h e  t im e  o f  y e a r ,  
i s  t h e  dom inant f a c t o r  i n  d e t e r m i n i n g  vvhen spaw ning  o f
L. p l a n e r i  s h a l l  o c c u r .
A s i n g l e  sample o f  L. p l a n e r i  ammocoetes v/as 
t a k e n  from t h e  N o r th  K n i fe  R i v e r  on August  10, 1959, 
a t  w h ich  t im e  t h e  w a t e r  t e m p e r a t u r e  was 12^0. The 
a im o c o e te s  were  m easu red  i n  t h e  u s u a l  manner to  t h e  
n e a r e s t  m i l l i m e t r e ,  and t h e  d a t a  d e r i v e d  was a s  f o l l o w s :  
9, 12, 1 4 ( 8 ) ,  15, 1 7 (1 1 ) ,  18, 21, 44, 4 5 ( 3 ) ,  
4 6 ( 2 ) ,  4 7 (1 5 ) ,  50, 6 8 ( 6 ) ,  71, 72, 7 5 ( 4 ) ,  76,
78, 8 0 ( 3 ) ,  90, 91, 9 3 ( 7 ) ,  95, 108, 1 1 1 (9 ) ,  115, 
119, 1 2 0 (5 ) ,  150* 151* 155% 165, 167, 168, 172.
Three  o f  t h e  sp ec im en s ,  nam ely  t h o s e  d e s i g n a t e d  
hy a s t e r i s k s ,  had  a lm o s t  c o m p le te d  m e ta m o rp h o s is .  A n a ly -  
: s i s  o f  t h e  d a t a  ( s e e  T ah le  XIV) shov/s s ev e n  d i s c r e e t  
s i z e  c l a s s e s .
I t  w i l l  he n o t i c e d  i n  T ah le  XIV t h a t  t h e  ammo- 
: c o e t e s  which  were i n  ad v an ced  s t a g e s  o f  m e tam o rp h o s is  
were t r e a t e d  as  a  d i s c r e e t  g rou p  and  were p l a c e d  l a s t  on 
t h e  l i s t  as  t h e y  were o b v i o u s l y  t h e  o l d e s t  sp e c im e n s .
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I t  h a s  been  shov/n e a r l i e r  i n  t h i s  p a p e r  t h a t  
once t h e  w a t e r  t e m p e r a t u r e  d ro p s  much below 8 o r  9°C, v e r y  
l i t t l e ,  i f  any g row th  ta lees  p l a c e  i n  ammocoetes. The 
N o r th  K n i fe  R i v e r  does  n o t  thaw o u t  u n t i l  May. H a r in g  
June  and J u l y  t h e  w a t e r  t e m p e r a t u r e  r i s e s  r a p i d l y  due 
to  t h e  i n t e n s e  h e a t  o f  t h e  b r i e f  a r c t i c  summer. Towards 
t h e  end o f  August t h e  a i r  t e m p e r a t u r e  t e n d s  to  d rop  
p r e c i p i t o u s l y .  D u r in g  t h e  summer o f  1959, f o r  exam ple ,  
i t  snowed t h r e e  t im e s  i n  t h e  l a s t  week o f  A u g u s t .  By 
m id -S ep tem b er  i c e  h a s  g e n e r a l l y  form ed i n  a l l  b u t  th e  
s w i f t e s t  p a r t s  o f  th e  N o r th  K n i fe  R i v e r ,  a t  w hich  t im e  
i t  can  s a f e l y  be assumed t h a t  ammocoete g row th  h a s  come
to  an end f o r  t h e  s e a s o n .
I t  can  be se e n ,  t h e r e f o r e ,  t h a t  w h i l e  ammocoetes 
o f  L . ~olaneri i n  B r i t a i n  have a  g row ing  s e a s o n  o f  seven
o r  e i g h t  m onths ,  t h o s e  i n  th e  N o r th  K n i fe  R i v e r  have o n ly
abo u t  t h r e e  o r  f o u r  m onths  a t  t h e  m o s t . D ur ing  t h e  a r c t i c  
summer t h e  w a t e r  t e m p e r a t u r e  i n  th e  N o r th  K n i fe  R i v e r  
r a n g e s  from abo u t  S^C to  ab o u t  19°G. The r a t e  o f  g row th  
o f  ammocoetes i n  t h a t  r i v e r  t h r o u g h o u t  any g i v e n  week o f  
t h e  g row ing  s e a s o n  i s  h ence  p r o b a b ly  n o t  v e r y  d i f f e r e n t  
from t h a t  i n  B r i t i s h  s t r e a m s .  T h e r e f o r e ,  i t  can  be ex -  
: p e c t e d  t h a t ,  s i n c e  L. o l a n e r i  ammocoetes i n  t h e  N o r th
-  80 -
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K n i fe  R i v e r  metamorphose a t  ab o u t  t h e  same body l e n g t h  
a s  t h e i r  B r i t i s h  c o u n t e r p a r t s ,  t h e  f o r a e r  r e q u i r e  more 
grow ing  s e a s o n s  i n  w hich  to  a t t a i n  m e ta iao rp h o s is  t h a n  do 
t h e  l a t t e r .
F o r  t h i s  r e a s o n ,  t h e  sev e n  s i z e  c l a s s e s  s e g r e -  
: g a t e d  i n  T ab le  XIV can  p r o b a b ly  be r e g a r d e d  as  y e a r  c l a s s e s ,  
i n d i c a t i n g  t h a t  L. p l a n e r i  from th e  N o r th  K n i f e  R i v e r  i n  
t h e  A r c t i c ,  have a l a r v a l  l i f e  o f  a b o u t  two to  t h r e e  y e a r s  
i n  e x c e s s  o f  L. p l a n e r i  from t h e  t e m p e r a t e  z o n e .
-  -
AGE, WEIGHT AND LENGTH;
In  o r d e r  to  e s t a b l i s h  what r e l a t i o n s h i p s ,  i f  
any, e x i s t e d  be tw een  th e  a p p ro x im a te  age ,  v /e ig h t  and body 
l e n g t h  o f  ammocoetes, t h e  spec im ens  u s e d  i n  t h e  l a b o r a t o r y  
r a t e s  o f  grov/th  a n a l y s i s  were k i l l e d  and w e ig h e d .  A lso  
ammocoetes o f  a p p r o x im a t e l y  f o u r  months age ,  w hich  had  
been  p r e s e r v e d  f o r  a lm o s t  a  y e a r  i n  70^ a l c o h o l ,  were 
d r i e d  o f f  and w e ig hed .  A l l  w e ig h in g  was done on a n a l y t i c  
b a l a n c e s  g i v i n g  a c c u r a t e  r e a d i n g s  t o  a  h u n d r e d th  o f  a  
m i l l i g r a m .
The r e s u l t s  o f  t h i s  t e s t  a r e  shown f o r  each  
s p e c i e s  i n  T a b le s  XV - XVII .
The most o u t s t a n d i n g  f a c t  w hich  comes to  l i g h t  
i n  t h i s  a n a l y s i s  i s  t h a t  i n  a l l  t h r e e  s p e c i e s  c o n c e rn e d ,  
w e ig h t  i n c r e a s e s  a t  a f a r  g r e a t e r  r a t e  t h a n  does l e n g t h  
a s  ammocoetes g a i n  i n  age .  Of c o u r s e ,  t h i s  f o l l o w s  i n -  
: t u i t i v e l y ,  as  t h e  g i r t h  o f  an ammocoete i n c r e a s e s  as  i t  
g ro w s .
A lso ,  t h e  s u p p o s i t i o n  made e a r l i e r  i n  t h i s  
p a p e r  (Pp. 72) t h a t  t h e  d e c r e a s e  i n  l e n g t h  o f  metamor- 
: p h o s in g  ammocoetes i s  due to  a  c e s s a t i o n  o f  f e e d i n g  i s  
amply s u p p o r t e d  by th e  f a c t ,  c l e a r l y  shovm i n  t h i s  d a t a ,
— y  p —
t h a t  a d e c r e a s e  i n  body w e i g h t  t a k e s  p l a c e  d u r i n g  in e ta -  
: m o r p h o s i s  i n  a l l  t h r e e  s p e c i e s .
Ranges i n  w e i g h t  w i t h i n  e a c h  sam ple  o f  t e n  
am mocoetes  were i n s i g n i f i c a n t l y  s m a l l ,  i n d i c a t i n g  t h a t  
am m ocoetes  o f  s i m i l a r  a g e ,  and l i v i n g  u n d e r  a lm o s t  i d e n t i -  
: c a l  c o n d i t i o n s ,  f e e d  a t  a p p r o x i m a t e l y  t h e  same r a t e .
S p e a k in g  from t h e  p o i n t  o f  v i e w  o f  c o m p a r i s o n s  
b e t w e e n  s p e c i e s ,  t h e  r e s u l t s  o f  t h i s  t e s t  w ere  m ost  i n -  
: t e r e s t i n g .  R e f e r e n c e  to  T a b l e s  XV -  XVII show t h a t  s m a l l -  
; e r  ammocoetes  ( t h o s e  v / i t h i n  t h e  f i r s t  16 m onths o f  l i f e )  
o f  a l l  t h r e e  s p e c i e s  f o l l o w  s i m i l a r  g r o w t h - f e e d i n g  p a t t e r n s  
i n  t h a t  t h e  body w e i g h t  i n c r e a s e s  a t  a g r e a t e r  r a t e  t h e n  
th a n  i t  d o es  a t  any o t h e r  s t a g e  o f  l a , r v a l  d e v e lo p m e n t .
In  l a r v a e  o f  P. m a r in u s  t h i s  t e n d e n c y  a p p e a r s  t o  be some-  
:what l e s s  marked t h a n  i t  i s  i n  t h e  o t h e r  two s p e c i e s .
In  t h e  f o l l o w i n g  y e a r  o f  l a r v a l  l i f e ,  am mocoetes  
o f  P . m ar in us  and L. p l a n e r i  i n c r e a s e  i n  w e i g h t  a t  a p p r o x i -  
: m a t e l y  th e  same r a t e ,  v /h i l e  am mocoetes  o f  L. f l u v i a t i l i s  
g a i n  w e i g h t  a t  a s l i g h t l y  g r e a t e r  r a t e .  From t h e  b e g i n n i n g  
o f  t h e  s u b s e q u e n t  y e a r  on t h r o u g h  t h e  n e x t  tw o , h o w ev er ,  
t h e r e  are  w ide  d i f f e r e n c e s  b e tw e e n  t h e  s p e c i e s  i n  t h e  
r e l a t i o n s h i p  b e tw e e n  age and w e i g h t .
-  m  -
W hile L. f l u v i a t 11i s  l a r v a e  c o n t i n u e  t o  i n c r e a s e  
i n  w e ig h t  a t  a p p r o x im a t e l y  t h e  same r a t e ,  P . m a r in u s  
ammocoetes do so a t  a  g r e a t e r  r a t e  t h a n  th e y  had  i n  t h e  
p r e v i o u s  y e a r ,  w h i l e  ammocoetes o f  L . p i a n e r i  m a n i f e s t  a 
v e r y  sudden i n c r e a s e  i n  body w e i g h t .
I n  t h e  n e x t  y e a r ,  t h e  l a r v a e  o f  L. f l u v i a t 11i s  
and P. m a r in u s  c o n t i n u e  to  i n c r e a s e  i n  w e ig h t  a t  a b o u t  
t h e  same r a t e  as  t h e y  do d u r i n g  t h e  p r e v io u s  y e a r ,  w h i l e  
ammocoetes o f  L. o l a n e r i  show a sudden  d e c r e a s e  i n  r a t e  
o f  g a i n  o f  w e ig h t .  T h is  d e c r e a s e  i s  so a b r u p t  t h a t  
L. p l a n e r i  ammocoetes o f  a b o u t  f o u r  y e a r s  o f  age a r e  
l i g h t e r  t h a n  P . m a r in u s  l a r v a e  o f  t h e  same age ,  w h e re a s ,  
u n t i l  t h i s  d e c r e a s e  comes a b o u t ,  t h e  fo rm e r  a r e  c o n s i d e r -  
: a b l y  h e a v i e r  t h a n  s i m i l a r  age g ro u p s  o f  t h e  l a t t e r .
I n  t h e  f i n a l  two y e a r s  o f  l i f e ,  P. m a r in u s  
ammocoetes show a d e c l i n e  i n  r a t e  o f  w e ig h t  g a i n ,  w h i l e  
l a r v a e  o f  L. f l u v i a t i l l s  show no change  i n  t h i s  r e g a r d .
The p a t t e r n  o f  w e ig h t  l o s s  d u r i n g  t h e  l a s t  few 
m onths o f  m ekam orphosis  a p p e a r s  to  be c o n s i s t e n t  v / i th  t h e  
a t t e n d a n t  d e c r e a s e  i n  l e n g t h  i n  a l l  t h r e e  s p e c i e s .  D u r in g  
t h i s  p e r i o d ,  L. f l u v i a t i l i s  undergo  a  d e c r e a s e  i n  l e n g t h  
o f  a b o u t  50 m i l l i m e t r e s ,  accom panied  by a  w e ig h t  l o s s  o f
- oo -
a b o u t  2,211 m i l l i g r a m s .  L. p l a n e r i  ammocoetes, on t h e  
o t h e r  hand ,  l o s e  o n ly  a b o u t  22 m i l l i m e t r e s ,  t h i s  b e i n g  
a t t e n d e d  by a  d e c r e a s e  i n  body w e ig h t  o f  1 ,32 2  m i l l i g r a m s .  
Ammocoetes o f  P. m a r i n u s , v /h i le  m a n i f e s t i n g  t h e  l e a s t  
d e c r e a s e  i n  l e n g t h  d u r i n g  m e ta m o rp h o s is  ( a n  a v e r a g e  o f  
16 m i l l i m e t r e s ) ,  l i k e w i s e  l o s e  t h e  l e a s t  w e ig h t  ( a b o u t  
368 m i1 1 1 g r a n s ) .
-  8 6  -
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EFFECTS OF EXTREME TEMPERATURES ON RATES OF FEEDING AND GROWTH IN ÂmiOCOETES:
S e v e r a l  a t t e m p t s  were  made to  m a i n t a i n  l i v i n g  
ammocoetes o f  v a r i o u s  s i z e s  and s p e c i e s  a t  t h e  maximum 
w a t e r  t e m p e r a t u r e  e n c o u n te r e d  i n  t h e  l a b o r a t o r y  (1 9 ^ 0 )  
o v e r  a  p e r i o d  o f  one y e a r .  These t e s t s  i n e v i t a b l y  r e -  
: s u i t e d  i n  t h e  d e a th  o f  t h e  l a r v a e  w i t h i n  a few m onths  
o f  t h e  t im e  ( a b o u t  S ep tem ber)  when t h e  w a t e r  t e m p e r a t u r e  
i n  t h e  l a b o r a t o r y  n o r m a l l y  b e g i n s  to  d rop  from i t s  maximum 
summer l e v e l .
L ik e w is e ,  a t t e m p t s  to  k ee p  ammocoetes a t  t h e  
minimum w a t e r  t e m p e r a tu r e  e n c o u n te r e d  i n  t h e  l a b o r a t o r y  
(10°G) f o r  much more t h a n  s e v e r a l  weeks re s 'uL ted  i n  t h e  
d e a th  o f  a l l  sp ec im ens  t e s t e d .
G e n e r a l l y  s p e a k in g  i t  was n o t i c e d  t h a t  ammocoetes 
k i l l e d  by ex p o su re  to  p ro lo n g e d  maximum t e m p e r a t u r e s  ap -  
: p e a re d  to  be c o n s i d e r a b l y  l a r g e r  and h e a v i e r  t h a n  norm al  
aimaocoetes o f  s i m i l a r  age ,  w h i l e  t h o s e  k i l l e d  by p r o lo n g e d  
ex p o su re  to  a  minimum seemed to  be l i g h t e r  i n  w e ig h t  t h a n  
one would e x p e c t  l a r v a e  o f  t h a t  same age and s p e c i e s  to  be .
I t  was a l s o  n o t i c e d  t h a t  a l l  s i z e s  o f  ammocoetes 
t e s t e d ,  o f  a l l  t h r e e  s p e c i e s ,  were more s e n s i t i v e  to
-  90 -
minimum t h a n  to  maximum w a t e r  t e m p e r a t u r e s .  On t h e  b a s i s  
o f  t h e s e  f i n d i n g s  i t  was assumed t h a t  an i n c r e a s e  i n  w a t e r  
t e m p e r a tu r e  b r i n g s  ab o u t  an i n c r e a s e  i n  r a t e  o f  f e e d i n g  
o f  ammocoetes, w h i le  a d e c r e a s e  i n  w a t e r  t e m p e r a tu r e  
c a u s e s  t h e  r e v e r s e  e f f e c t .
I n  o r d e r  to  t e s t  t h i s  h y p o t h e s i s  more f u l l y ,  
t h e  f o l l o w i n g  ex p e r im e n t  was c o n d u c te d .  At a t im e  o f  y e a r  
when n e i t h e r  ex trem e o f  w a t e r  t e m p e r a tu r e  v/as b e in g  n o r -  
:m a l ly  e n c o u n te r e d  (O c to b e r )  s e v e r a l  days v/ere s p e n t  i n  
an i n t e n s i v e  ammocoete c o l l e c t i n g  program i n  o r d e r  to  
o b t a i n  s i x  spec im ens  o f  each  s i z e  c l a s s  and o f  each  s p e c i e s .  
Three a c q u a r i a  were t h e n  s e t  up i n  th e  u s u a l  f a s h i o n ,  tvvo 
(ammocoetes o f  each  s i z e  c l a s s  and s p e c i e s  ( a  t o t a l  o f  34 
spec im ens)  b e in g  p l a c e d  i n  e a ch .  The t a n k s  were d e s i g n a t e d  
by th e  ] .e t  hers  A, B, and C.
By a r t i f i c i a l l y  r a i s i n g  t h e  w a t e r  t e m p e r a tu r e  
i n  t a n k  A th ro u g h  1°G a day, u n t i l  a t e m p e r a tu r e  o f  19^0 
was re a c h e d ,  t h e  ammocoetes were a c c l i m a t i z e d  to  th e  rnaxi- 
:mum w a t e r  t e m p e r a t u r e .  S i m i l a r l y ,  by l o w e r in g  t h e  w a t e r  
t e m p e r a tu r e  i n  ta t lc  B th ro u g h  1 °C a day u n t i l  a  t e m p e ra -  
: t u r e  o f  10^0 was r e c o r d e d ,  ammocoetes i n  t h a t  t a n k  were 
a c c l i m a t i z e d  to  a minimum w a t e r  t e m p e r a t u r e .  The ammocoetes 
i n  t a n k  C v/ere u s e d  as  a c o n t r o l  g roup .
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Two days were t h e n  s p e n t  i n  m e a s u r in g  t h e  
l i v i n g  ammocoetes i n  a].l  t h r e e  t a n k s  (m ethod  d e s c r i b e d  
on Pp. 6 8 ) ,  and i n  w e ig h in g  them. The l a t t e r  v/as accom- 
: p i i s h e d  as  f o l l o w s .  A 250 c c .  cone f l a s k  c o n t a i n i n g  
e x a c t l y  50 c c . o f  v /a te r  ( a s  m easu red  by B u r e t t e )  v/as 
f i r s t  v/eighed on t h e  a n a l y t i c  b a l a n c e ,  a w e ig h t  o f  180 .54  
grams b e in g  r e c o r d e d .
Then ammocoetes were  removed from t h e  ta n l i s  one 
a t  a  t im e ,  r o l l e d  q u i c k l y  a c r o s s  a  s t r i p  o f  gauze  ( t o  
remove e x c e s s  m o i s t a r e )  and t r a n s f e r r e d  i n t o  th e  cone 
f l a s k  c o n t a i n i n g  t h e  50 c c .  o f  w a t e r .  Each axamocoete 
was t h u s  w eighed  on t h e  same b a l a n c e  s e p a r a t e l y ,  t h e  
known v /e ight  o f  t h e  f l a s k  and w a t e r  b e in g  s u b t r a c t e d  i n  
e a ch  i n s t a n c e  from th e  t o t a l  w e ig h t  r e c o r d e d .
T h is  a c c o m p l i s h e d ,  t h e  æmaocoetes were r e s t o r e d  
to  t h e i r  r e s p e c t i v e  Ir-mks, and were l e f t  u a d i s t u r b e d  f o r  
t h e  n e x t  60 d ays .  At t h e  end o f  t h i s  t im e  t h e y  were  a l l  
a g a i n  w eighed  and m easu red .
D a ta  d e r i v e d  from t h e s e  e x p e r im e n t s  a r e  shown 
i n  T a b le s  XVIII -  XXI. Even a  c u r s o r y  g l a n c e  a t  t h e  
f i g u r e s  shows t h a t  t h e r e  v/as d e f i n i t e l y  an i n c r e a s e  i n  
b o t h  v /e igh t  and l e n g t h  i n  t h o s e  ammocoetes k e p t  a t  19°C.
-  9 2  -
w a t e r  t e m p e r a t u r e .  In  L. r l a n e r i  and P . m a r in u s  ammo- 
: o o e t e s ,  an a s c e n d i n g  o r d e r  o f  w e ig h t  i n c r e a s e s ,  s t a r t i n g  
from t h e  s m a l l e s t  and p a s s i n g  up to  t h e  l a r g e s t  s i z e  
c l a s s ,  was n o t e d .  While t h e  l a r v a e  o f  L. f l u v i a t 11i s  
d i d  n o t  f o l l o w  t h i s  p a t t e r n  e x a c t l y ,  t h e  same g e n e r a l  
t e n d e n c y  was o b v io u s .  See T ab le  X V III .
S iz e  C l a s s  I  ammocoetes o f  a l l  t h r e e  s p e c i e s  
were a p p r o x im a t e l y  t h e  same l e n g t h  a t  t h e  s t a r t  o f  t h e  
e x p e r im e n t ,  and i n c r e a s e d  i n  b o th  w e ig h t  and l e n g t h  by 
c l o s e  to  t h e  same amount d u r i n g  t h e  e n s u in g  60 days  i n  
t a n k  A. A c o m p ar iso n  o f  r a t e s  o f  f e e d i n g  ( a s  i n d i c a t e d  
by i n c r e a s e  i n  body w e ig h t )  a s  r e l a t e d  t o  i n c r e a s e  i n  
body l e n g t h ,  be tw een  t h e  t h r e e  s p e c i e s  o f  ammocoetes i s  
i l l u s t r a t e d  i n  T a b le s  XIX - XXI.
A s tu d y  o f  t h e  d a t a  from t a n k  B (10^C) i n d i c a t e s  
t h a t  t h e r e  i s  some sh r ih lcage  and l o s s  o f  w e ig h t  i n  most  
o f  t h e  s i z e  g ro u p s  t e s t e d .  T h i s  i m p l i e s  t h a t  a  c e s s a t i o n  
o f  f e e d i n g  i s  a s s o c i a t e d  w i t h  low w a t e r  t e m p e r a t u r e s .
The f a c t  t h a t  12 o f  t h e  34 aimaocoetes u s e d  i n  t h i s  ex-  
: p é r im e n t  d i e d ,  shows t h a t  lam p rey  l a r v a e  a r e  r a t h e r  more 
s e n s i t i v e  t o  minimum khan to  maximum w a t e r  t e m p e r a t u r e s .  
Also t h o s e  t h a t  d id  d ie  were ( e x c e p t  f o r  tv/o) w i t h i n
-  93 -
18 months o f  me t  amo r  oho s i s .  A l l  t h e  f i n a l  y e a r  a n im a ls  
i n  t a n k  B d i e d  b e f o r e  t h e  c o m p l e t i o n  o f  t h e  60 day t e s t ,  
and when found ,  t h e i r  c o r p s e s  had  u n d e rg o n e  such  decom- 
: p o s i t i o n  t h a t  i t  would have b een  f u t i l e  to  c a r r y  ou t  a  
w e i g h t - l e n g t h  a n a l y s i s  o f  them.
The l a r v a e  i n  t a n k  C ( C o n t r o l  Group) d i d  n o t  
d e v i a t e  s i g n i f i c a n t l y  from t h e  no rm al  grov/th  p a t t e r n s  a s  
d e t e r m in e d  p r e v i o u s l y  i n  t h i s  p a p e r  (Pp .  68 -  7 5 ) .
-  9 4  -
TABLE XVIII -  AMOUNT OF WEIGHT INCREASE AFTER 60 LAYSIN TANK A ( M i l l i g r a m s ) .
S i z e  C l a s s  L. p l a n e r i  L. f l u v i a t i l i s  P. m a r in u s
1 6 8 8
2 8 22 64
3 16 16 161
4 109 18 192
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SUMVIARY AND DISCUSSION OF GROWTH IN AMMOCOETES:
The d a t a  on grow th  embodied i n  Pp. 68 to  75 
g i v e s  a q u i t e  c l e a r  p i c t u r e  o f  the  r a t e  a t  w h ich  aimno- 
: o o e t e s  o f  t h e  t h r e e  s p e c i e s  s t u d i e d  i n c r e a s e  i n  l e n g t h .
I f  f l u c t u a t i o n s  i n  t h e  body w e ig h t  o f  t h e s e  a n im a l s  can  
be c o n s i d e r e d  as an in d e x  o f  t h e i r  r a t e s  o f  f e e d i n g ,  a 
c o n s i d e r a b l e  body o f  i n f o r m a t i o n  about  ammocoete f e e d i n g  
c y c l e s  can  a l s o  be g l e a n e d  from th e  same p a g e s .
A n a l y s i s  o f  age g ro u p s ,  b a se d  on th e  l e n g t h  o f  
t h e  body ( e x c e p t  i n  th e  c a s e  o f  m etam orphosing  aromocoetes, 
w hich  were a u t o m a t i c a l l y  c o n s i d e r e d  a s  b e in g  i n  th e  f i n a l  
y e a r  o f  l i f e ,  r e g a r d l e s s  o f  t h e i r  s i z e )  y i e l d e d  s u f f i c i e n t  
d a t a  to  p ro v id e  a  framework f o r  f u r t h e r ,  more a c c u r a t e ,  
a n a l y s i s  u n d e r  l a b o r a t o r y  c o n d i t i o n s .  The l a t t e r  p roduced  
d a t a  which ,  n o t  o n ly  s t r e n g t h e n e d  t e n t a t i v e  c o n c l u s i o n s  
drawn from sam ples  t a k e n  a t  random from s t r e a m s ,  bu t  
i n d i c a t e d  t h a t :
( a )  Ammocoetes i n  th e  l a s t  few months o f  l a r v a l  
l i f e  undergo  a  v e r y  marked d e c r e a s e  i n  
l e n g t h .  T h is  sh r in lcage  a p p e a r s  to  o c c u r  
d u r in g  d e c l i n i n g  w a te r  t e m p e r a t u r e s ,  
n o t  o n ly  i n  ammocoetes o f  P . m ar in u s
- 99 -
(w h ich  metamorphose d u r i n g  t h e  e a r l y  
w i n t e r ) ,  h u t  a l s o  i n  l a r v a e  o f  L. p l a n e r i  
and 1 .  f l u v i  a t  i  l i s  (w h ich  met emiorphose i n  
t h e  e a r l y  s p r i n g .
(h )  O th e rw is e ,  w a t e r  t e m p e r a t u r e  and r a t e  o f  
l i n e a r  g row th  i n  ammocoetes a p p e a r  to  he 
c o r r e l a t e d .
To th row  more l i g h t  on b o th  o f  t h e s e  p o i n t s ,  
f u r t h e r  t e s t s  were n e c e s s a r y .  A l l  ammocoetes u s e d  i n  th e  
r a t e s  o f  l i n e a r  g row th  e x p e r im e n t  i n  t h e  l a b o r a t o r y  were 
w eighed ,  as  were some v e r y  young l a r v a e ,  t h e  l a t t e r  b e in g  
a t  ab o u t  t h e  f o u r t h  month o f  d ev e lo p m en t .  T h i s  was a 
p r e r e q u i s i t e  to  t h e  e s t a b l i s h m e n t  o f  a  c e r t a i n  c r i t e r i o n  
o f  no rm al  w e i g h t - l e n g t h  r e l a t i o n s h i p s  by w hich  r e s u l t s  o f  
t e s t s  done a t  abnormal 'water  t e m p e r a t u r e s  conoid be ju d g ed .
I t  was r e a l i z e d  t h a t ,  a l t h o u g h  ammocoetes were 
shov/n by b o th  f i e l d  and l a b o r a t o r y  a n a l y s e s  to  grov/ o n ly  
d u r i n g  t h e  w a r a e r  months o f  t h e  y e a r  and to  u ndergo  no 
i n c r e a s e  i n  l e n g t h ,  o r  even to  s h r i n k ,  d u r i n g  t h e  c o ld  
m onths ,  t h e  r e s u l t i n g  c o r r e l a t i o n  m igh t  n o t  be m e re ly  a 
s im p le  two way r e l a t i o n s h i p  b e tw een  w a t e r  t e m p e r a t u r e  (and 
r a t e s  o f  f e e d i n g .  The p o s s i b i l i t y  o f  i n h e r e n t  p h y s io lo g ic g J .
— 100 —
mechanisms p ro d u c in g  r e g u l a r  c y c l e s  o f  f e e d i n g  and 
s t a r v i n g  c o u ld  n o t  be o v e r lo o k e d .
To i n v e s t i g a t e  t h i s  p rob lem , a  t e s t  w i t h  c o n s t a n t  
minimim and maximum w a t e r  t e m p e r a t u r e s  v/as c a r r i e d  o u t  
(Pp. 73) a t  a t im e  o f  y e a r  when i n t e r m e d i a t e  w a t e r  tem- 
: pe r a t u r e s  were no m a l l  y b e i n g  e n c o u n te r e d .  A l th ou gh  
t h i s  t e s t  s u f f e r e d  from t h e  o b v io u s  d e f e c t  o f  t h e r e  b e in g  
an i n s u f f i c i e n t  number o f  ammocoetes a v a i l a b l e  ( o n l y  two 
i n  each  s a m p le ) ,  t h e  r e s u l t s  were r a t h e r  d e f i n i t e  i n  
f a v o u r  o f  th e  v iew  t h a t  r a t e  o f  f e e d i n g  (h e n ce  r a t e  o f  
g a i n  i n  w e ig h t  and i n c r e a s e  i n  l e n g t h )  i s  c o r r e l a t e d ,  a t  
l e a s t  m a in ly ,  w i t h  t h e  v /a te r  t e m p e r a t u r e .  I f  t h e r e  i s  
an i n t e r n a l  p h y s i o l o g i c a l  rhytlim o f  f e e d i n g  o p e r a t i n g  
i r r e g a r d l e s s  o f  w a t e r  t e m p e r a t u r e ,  i t  i s  s u b o r d i n a t e  to  
maximum and minimum v a l u e s  o f  th e  l a t t e r .
SUGGESTIONS POP FURTHER RESEARCH:
As i s  t h e  way w i t h  t h e  v a s t  m a j o r i t y  o f  r e s e a r c h  
p r o j e c t s ,  t h e  a u t h o r  f e e l s  th a . t ,  w h i l e  most o f  t h e  cuisv/ers 
so u g h t  f o r  i n  t h i s  s e r i e s  o f  e x p e r im e n t s  have  been  answ ered  
s a t i s f a c t o r i l y  w i t h i n  t h e  p r e s e n t  p a p e r ,  t h e  s o l u t i o n s  
th e m s e lv e s  have b ro u g h t  to  l i g h t  an even g r e a t e r  h o s t  o f  
u nan sw ered  Q u e s t i o n s .
- ±u± -
The f a c t  t h a t  i d e n t i f i c a t i o n  o f  ammocoetes o f  
Brook Lamprey ( L. o l a n e r i ) r e v e a l e d  t h a t  t h e y  were  s i m i l a r  
i n  e v e ry  r e s p e c t  w i t h  l a r v a e  o f  t h e  Am erican  Brook Lamprey 
( E n to so h en u s  1 ammo11enni) ,  i n d i c a t e s  t h e  n ee d  f o r  a  com- 
: p l e t e  r e - e v a l u a t i o n  o f  l a m p rey  taxonomy. I t  h a s  l o n g  
b een  th e  a u t h o r ’ s s u s p i c i o n  t h a t  an u n d e r s t a n d i n g  o f  t h e  
e v o l u t i o n  and s y s t e m a t i c s  o f  la m p re y s  i s  b a d ly  h i n d e r e d  
by bad taxonomy. T h is  i s  p a r t i c u l a r l y  t h e  c a s e  i n  A m erica ,  
where  a t  l e a s t  20 g e n e r i c  names f o r  v a r i o u s  smakl l a m p re y s ,  
r e s e m b l i n g  t h e  B r i t i s h  Brook Lamprey, a r e  e x t a n t .  I f  most 
o f  t h e s e  ’ t y p e s ’ o f  l a m p re y s  were fou nd  to  be i d e n t i c a l  
v / i th  L. p l a n e r i , a  g r e a t  d e a l  o f  u s e l e s s  n o m e n c la tu r e  
c o u l d  be c l e a r e d  away.
There  e x i s t s  t h e  b e l i e f  t h a t  L. p l a n e r i  m igh t  
be s e x u a l l y  p r e c o c i o u s  L. f l u v i a t i l i s , and hence  n o t  
r e a l l y  a  s p e c i e s  i n  i t s  ov/n r i g h t  a t  a l l .  A l th o u g h  t h e  
s e c t i o n  on ammocoete i d e n t i f i c a t i o n  i n  t h i s  p a p e r  g i v e s  
f a i r l y  s t r o n g  e v id e n c e  f o r  t h e  view t h a t  t h e  two r e a l l y  
a r e  s e p a r a t e  s p e c i e s ,  a s  does t h e  f a c b  bhat t h e i r  l a r v a l  
l i f e  sp a n s  d i f f e r  i n  l e n g t h  by one y e a r ,  t h e  p o s s i b i l i t i e s  
o f  h y b r i d i z a t i o n  b e tw een  s p e c i e s  o f  l a m p re y s  c a n n o t  be 
i g n o r e d .  Y/hile w ork in g  w i t h  t h e  F i s h e r i e s  R e s e a rc h  Board 
o f  Canada, t h e  a u t h o r  f e r t i l i z e d  eggs  o f  S e a  Lamprey v / i th
sp e rm a to z o a  from Brook Lam preys,  Many o f  t h e s e  eggs  
u nd e rw en t  f u r t h e r  dev e lo p m en t ,  and some o f  t h e  l a r v a e  
were 35 days o l d  when a p o i s o n  was a c c i d e n t a l l y  r e l e a s e d  
i n t o  t h e  tan l is ,  b r i n g i n g  ab o u t  t h e  d e a th  o f  t h e  young 
h y b r i d s .  I n  t h i s  c o u n t r y ,  E. W. B a x t e r  ( p e r s o n a l  c o r -  
: r e sp o n d e n c e  1958) c r o s s e d  L. p l a n e r i  w i t h  L. f l u v i a t i l i s  
b o t h  ways and o b t a i n e d  l a r v a e .  H is  e x p e r im e n t  was a l s o  
s u d d e n ly  t e r m i n a t e d  by an u n f o r t u n a t e  a c c i d e n t .  Both o f  
t h e s e  i n c i d e n t s  p o i n t  up t h e  p r e s s i n g  n e e d  f o r  a  w e l l -  
d e f i n e d  r e s e a r c h  p r o j e c t  on t h i s  t o p i c .
An i n v e s t i g a t i o n  o f  th e  mech.anisms e n v o iv e d  i n  
crniunocoete m e tam o rp h o s is  would n o t  be a m is s .  The p r e s e n t  
r e s e a r c h  i n d i c a t e s  t h a t  e ach  o f  t h e  t h r e e  s p e c i e s  o f  
l a m p rey  s t u d i e d  metam orphose d i f f e r e n t l y .  L. p l a n e r i  
m etam orphoses  i n  t h e  S p r i n g  a f t e r  c l o s e  t o  5 y e a r s  o f  
l a r v a l  d ev e lo p m en t .  L. f l u v i a t 11i s  does  so a f t e r  a b o u t  
6 y e a r s  o f  l a r v a l  l i f e .  P . m a r in u s  d i f f e r s  from b o th  
i n  t h a t  i t  m etam orphoses  i n  e a r l y  W in te r .  The p i c t u r e  
i s  f u r t h e r  c o m p l i c a t e d  by t h e  f a c t  t h a t  a l l  t h r e e  s p e c i e s  
b e g in  to  metamorphose a t  t h e  same t im e  o f  y e a r  ( A u g u s t - 
S e p te m b e r ) ,  so t h a t  t h e  p e r i o d  o f  m e tam o rp h o s is  i s  s e v e r a l  
m onths s h o r t e r  i n  P. m a r in u s  ammocoetes t h a n  i t  i s  i n  t h e  
o t h e r  two s p e c i e s .
-  l U ^  -
A lso ,  r e s e a r c h  on t h i s  a s p e c t  o f  lam p rey  
b i o l o g y  would be w e l l  w o r th w h i l e  i f  an u n d e r s t a n d i n g  
o f  v/hat f o l lo w s  m e tam o rp h o s is  i s  to  be h ad .  I n  L. p i  sine r i  
m e tam o rp h o s is  i n t r o d u c e s  t h e  ad'ul b to  a l i f e  o f  s t a r v a t i o n ,  
i n  w h ich  g o n ad a l  deve lopm ent  t a k e s  p l a c e  as  t h e  g u t  de-  
: g e n e r a t e s .  On t h e  o t h e r  hand ,  m e tam o rp h o s is  i n  
L. f l u v i a t i l i s  and P . m a r in u s  i n i t i a t e s  a  p r e d a t o r y  
b lo o d  f e e d i n g  l i f e ,  i n  w hich  t h e  lam p rey  q u i c k l y  i n c r e a s e s  
i n  s i z e ,  w h i l e  g o n ad a l  deve lopm ent  i s  i n h i b i t e d  f o r  
a n o t h e r  18 months to  tv;o y e a r s .
-  1 Ü 4  -
CONCLUSIONS;
(1 )  Ammocoetes o f  B r i t i s h  lam preys  caji he s e l e c  b i v e l y  
i d e n t i f i e d  on t h e  b a s i s  o f  sh ap e ,  p i .g m e n ta t io n  and 
myomere c o u n t s .
(2 )  B r i t i s h  la m p re y s  o f  a l l  t h r e e  s p e c i e s  r e q u i r e  a  
w a t e r  t e m p e r a tu r e  o f  betw een  11 and 13°C f o r  success -  
: f u l  spaw ning .
(5 )  L. p l a n e r i  h a s  a  l a r v a l  l i f e  o f  a b o u t  f i v e  y e a r s .
(4 )  L. f l u v i a t i l i s  h a s  a l a r v a l  l i f e  o f  a p p r o x im a t e l y  
6 y e a r s .
(5 )  P. m a r in u s  h as  a l a r v a l  l i f e  o f  ab o u t  5 y e a r s  and 
8 m onths .
(6 )  A l l  t h r e e  s p e c i e s  b e g in  m e tam o rp h o s is  i n  August  o r  
S ep tem ber .
(7 )  P. m a r in u s  l a r v a e  com p le te  m e tam o rp h o s is  i n  a b o u t  
f o u r  m on ths .
(8 )  L. p l a n e r i  l a r v a e  and L. f l u v i a t i l i s  l a r v a e  r e q u i r e  
seven  m onths  to  co m p le te  m e tam o rp h o s is .
(9 )  R a te  o f  f e e d i n g ,  h ence  o f  g row th ,  i n  a l l  t h r e e  
s p e c i e s  s t u d i e d  i s  d ep e n d e n t ,  a t  l e a s t  m a in ly ,  on 
t h e  w a t e r  t e m p e r a t u r e .
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IA k ey  t o  ammocoetes  o f  B r i t i s h  l ampreys
A1 -  A maximum o f  58 tru n k  myomeres -  L. f l u v i a t i l i s .
A2  -  A minimum o f  60 tru n k  m yom eres.
-  Area o f  ca u d a l f i n  l a r g e l y  o f  a m ilk y  tr a n s p a r e n c y ,  w:
many s m a l l  dark m elan op hores i n  a narrow m argin  
o u t l i n i n g  th e  p o s t e r i o r  t i p  o f  t a e  body -  L. p l a n e r i .
B2  -  Area o f  ca u d a l f i n  s p r in k le d  v / id e ly  w ith  g r e y  
m elan op hores -  P , m a r in u s .
The sp ec im en s are  t o  be p la c e d  in  a narrow t e s - t u b e  and t h e  myom< 
c o u n ts  made w ith  a l e n s .
S p e c ie s  Range i n  number A verage number Number o fo f  myomeres o f  myomeres ammocoetes
L. p l e j i e r i  6 2 -6 9  6 5 .2  6 ,0 4 5
L. f l u v i a t i l i s  5 1 -5 8  5 4 .4  4 ,1 0 2
P . m arinus 6 1 -6 9  6 7 .2  1 ,1 8 4
Macdonald o b t a in s  pure sam p les  o f  L. p l a n e r i  from th e  F i e l d  
' S t a t io n  Burn, r i v e r  lam prey ammocoetes from  t h e  F ru in  R iv e r ,  and  
m arine lam preys from  th e  I n l e r  Burn, a t r i b u t a r y  o f^ th e  R iver  
L even , D um bartonsh ire , about 1 km. from Loch Lomond.
ABSTRACT OP THESIS; A STUDY OP CERTAIN 
ASPECTS OP AMMOCOETE BIOLOGY 
By Theodore H. MacDonald
Three s p e c ie s  o f  lamprey are found in  B r ita in ;  
the Sea Lamprey ( Petromyzon m arinus) , the R iver Lamprey 
( Lampetra f l u v i a t i l i s ) and th e  Brook Lamprey ( Lampetra 
p la n e r i ) . Although the adult s ta g e s  o f  th e s e  s p e c ie s  
can r e a d i ly  be d is t in g u is h e d  because o f  t h e ir  g re a t  
d i f f e r e n c e s  in  s i z e ,  co lou r  and d e n t i t i o n ,  the la r v a e ,  
or ammocoetes, o f  a l l  th ree  s p e c ie s  look  s u p e r f i c i a l l y  
a l i k e .
The f i r s t  p art o f  th e  t h e s i s ,  th e r e fo r e ,  concerns  
i t s e l f  w ith  th e  s e l e c t i v e  i d e n t i f i c a t i o n  o f  the  
ammocoetes o f  the th ree  s p e c ie s  concerned. C lose  
exam ination o f  more than 11 ,000  ammocoetes c o l l e c t e d  
from streams in  England, Scotland  and Wales, in d ic a te d  
th a t  the fo l lo w in g  are u s e f u l  taxonomic c h a r a c t e r i s t i c s :
(a) P igm entation  and shape o f  the p recursoro f  the tongue.
(b) P igm entation  and shape o f  the caudal f i n .
(c )  P igm entation  o f  the b ra n ch ia l  r e g io n .
(d) Number o f  trunk myomeres.
The p igm en tation  o f  ammocoetes i s  su b jec t  to  some
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v a r ia t io n  in  i n t e n s i t y  w ith in  the same s p e c i e s .  For 
in s ta n c e ,  ammocoetes o f  L. p la n e r i  tend to  be darker  
in  th e  w in ter  than they  are in  th e  summer w ith in  any 
g iv e n  sm all area . L ik ew ise , during th e  summer months, 
ammocoetes taken from stream s in  th e  north  o f  Scotland  
are co n s id e ra b ly  darker than ammocoetes o f  the same 
s p e c ie s  from stream s in  southern  England.
As a s u i t a b le  p relu d e to  exp er im en ta l and f i e l d  
s tu d ie s  made on the r a t e s  o f  growth in  ammocoetes, the  
spawning requirem ents and em bryologiea l  development o f  
a l l  th ree  s p e c ie s  i s  d is c u s s e d .
This le a d s  in t o ,  and forms a fou n d ation  fo r ,  the  
th ir d  part o f  the t h e s i s ,  i . e .  growth in  ammocoetes. 
Samples o f  ammocoetes were taken from v a r io u s  stream s, 
and th e  number o f  y ea r  c l a s s e s  making up th e  la r v a l  l i f e  
o f  each s p e c ie s  were e s t im a te d . Ten ammocoetes o f  each  
s i z e - c l a s s  o f  each s p e c i e s  were then  reared  fo r  one 
year  in  the la b o ra to ry  in  order to  v e r i f y  the f i e l d  d a ta .  
The c o n c lu s io n s  a rr iv e d  a t in  the f i e l d  were thus upheld  
in  th e  la b o ra to ry  and were as fo l lo w s :
(a )  L. p la n e r i  has a l a r v a l  l i f e  o f  about f i v e  y e a r s .  Metamorphosis b eg in s  in  August or  September, and i s  completed in  about seven  months.
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(b) L. f l u v i a t i l i s  has a la r v a l  l i f e  o f  approxim ately  s i x  y e a r s .  Metamorphosis b eg in s  in  August or September, and i s  com pleted in  about seven  months.
(c )  P. marinus la rv a e  com plete metamorphosis in  approxim ately  f i v e  y e a r s  and e ig h t  months. As in  the o th er  two s p e c ie s ,  metamorphosis commences in  l a t e  summerbut i s  com pleted in  on ly  four months or so .
A s e r i e s  o f  la b o ra to ry  experim ents in  which 
ammocoetes were reared  under a r t i f i c i a l l y  h igh  and low  
tem peratures, in d ic a te d  th a t  the r a te  o f  in c r e a se  in  
w eight and len g th y  i s  c l o s e l y  c o r r e la te d  w ith  the water  
tem perature. The data  make i t  apparent th a t  ammocoetes 
do not feed  during the w inter months ( th e  c r i t i c a l  water  
tem perature b e in g  about 11®C).
Year C lass  a n a ly s i s  o f  a sample o f  L. p la n e r i  
ammocoetes taken  in  the Canadian a r c t i c  in d ic a t e s  th a t ,  
when the w in ter s  are lo n g  and hence the fe ed in g  season  
reduced, a g r e a te r  number o f  y e a r s  o f  l a r v a l  l i f e  are  
req u ired  b efore  th e  ammocoetes undergo metamorphosis.
